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i-ijjJaj jll>- ^-i\~£-e.\j2l\ (_g jul (^-j-ujLjSLII I jut rap jjLoJI 6uo^JLo 

OJl^ '.Cil » jU J-Jjl (_^ t-iLliSLII j jtA, i S'a . .3_jLc jJlj 

3juj_o 5_uliJI «i*hjU '~'j jk, jaii 1 1969 aLc ^j^I 
4-atgIa /^ Cjj_i£.t jc3 1 1975 <*Lc jj ■ gaJI *_« ^ -» 3 ' ^ 
Ijuk^j. 1979 ^Lc 3ju!>I! ojI£j J 976 j»Lc aillj 

LuLLajjj (jS iii!!ij) >lj-ill aLi!*! lJ \c -r Ca I J (JjJ-i 

John i."mt-~iii^j o^*- ittuiVI j-& <_jL»SLII i_iJJ_oj 
3jlaL>- (ji LjjvjJ^ujj^LlcU I!>I*iiiI (jl^ i Postgate 
\j La ui (j^JI jlsj . 3jl*jA! <£LLoJ.Li Sussex ^..'C ,,,,,, 
«Lt-aLit_)j t 4_ui1«j1 CjL^_i 2lj ^J ***< i"i i 43l_o* ^j-a I ux5 

i_j!j>U 1 la 1 ~ in? i>ju>. (jL^ jlS^ '. Ia\ ~ ml (j-o ji£t 
oju>. (jLs L<t£ '(Jj-j j a j 1 *l*jjL>. ^3 4jSLuj/^1£LI I 
iLo_u}Uj J j->; ^j_. a.,-,1^ ^a. ,Ult lilluil^ylcVl 
gLjl^-A-^, o 1 * Tl ^ L^-L^a-se-j i <_jL>. /yj\-C< j ~y"i i i^j 

^J 5 'J . 4_*2_L^2_>J I /- 5 J I '-J 1 I U ^HS -J J^' A 4_jJLu_U^_« 

Lcj-u3jjj-4J I j^£. 4jI^. (JjU Li^-i_! LjSLI I (JjLujj 
t{j\ i n i 21 3Li^>- fj n4 ) t— t-uJl CjLc^-ua^JJ j Ia3> I jj-o 

(_P3lj_a^/l aVT CjL)Jj£LlU j^i Jio£. jj-K-al mil (jLjiil 



(jluulllg OLigjS.i.nJI 

(>-». (jrJLi-i V (j-^t-i-S 5 ^j^^tl i_u!_j». J^-} dilj (jSLIj .f-L>.jVlj 4jJj«J.I 

S N j j * 1 1 L$jj3-*-a <j£. f^^**' ' "" ( -^- < - J ^ L« S^juLLLI I j * 1 1 j 3> ^-5 LuLo* {j\ (J^-^j 

. .i_iL<SLll Jj '^'a djlf JJJJ La ijJIij ! CjLjjj^LlLI liiij jjjlj 

cj Li jij^Luiiia 4jLojj ^Lp. Jjj i ii ^ «l jJLtl (_^c j-«j-«j (jL^jV! ^Ls I jlj 

w a j <LIi m-j Lg-iia «JJ ..5jjHII sUS^jj 4-iX.ljjJI Jji^-iLjJ.1 77LIJJ ( _ ;r 3 LtjjJ 
^^ CjLij|j£LlLI ijJjLitJj . 4-u!jJL!l 4jL>-L>. (j-o »(_, t "1 1 o-ijjjj (jLuuV! ^LkjsI 
« < I . ^ t I ^3 LjJLllseJ I ijlr i3~^ ijr^' CjLi^La-iS-II^ 4JJLL>J, I 4 n»Ual "ig.1 ii^-i 

. . Cj Ij t**<-»J. I J 
4_l_OjVI J~\l .'--'a £yz ^ j -— t —— ~ T 1 ^^3 CjI_1j|j£LlLI (j-O (jLcujVI JLloj liUj^j 

a[£j 4^^a (jjj aL^j ^ (jLsiVl (^Jl (jLcuJVI ,jj-«-! L&V9J9 ..*Gl_o- djLjLiJj 

..! tii<-iLt_>Jl jj-a 

(J^Ui j i"i 13 J 1 |j i.a-3. (jjjl—iJI 7"ljljl ■ ' '^--' ( _ ;r <loLU ^^ O-iLSj . . 4jjj^( Ij 

3l_i_>JI 0J_& ( _ ;r J3 jjiJIj j_pJI JjLxjj (jl 4ill Sjljl disLii JLSj .i—u^iejJIj 
Cj Li j|j£LlL I jjji joijiJ (j^*- ^j'-* ill i— tJe-iu JLSj ..(JLikjji ( _ ;r 3 !MJaJ (jlj LujJI 
Lfl-LS (j-Aj * * (J.}LjlJ.I ^j^ * »J (O^sjiJIj JaAxJI jjjjSj /^-^ (1^ ' ' "*' dA-J^La JLLo 

(j-\-«Lj ^J j 1 mi ^-Js jjjjLIJI » ijLssJLj ^jl dJ mijjj ..cQjJL>J1 ^cLLuaJI ' 1 1 *^ 

.j»jjJI L^la jo^jLvLs- 
' a_L.aJul ^^ LjJ '"• a "■ S JlS <J1j Li ji^SLjJ. I <Suui\j± (jl j^o^l 1 ■ l^c I (_ysj 

. •. ( _Liii (j-o I ij I f 5j^Li. oJL^ SiiljjJI t_j£ \j\j-i-u\ (j><ill I jj* (jjs j_ii.^l 

jq_^jjjJ3 Lijj Qjjjljj <4_u1jjj1 «L^uJl1^J1 gLi^ <a i hi I o*~ i^5tH' tJjJJ^tlu » 1 »Ltj I a 
' a-flJ Vj hjIjjjJIj CjLjJJI joJLc. (jJa 4j^sL>. dil <% 111 dili CjV^vLjj/ TrLul (j^Lc 
(^1 (j 1 a aj JJ5 (oJjiJ! ^^ i_ iLi sbl ..(jLuuVI ^^ lLLIIs ^jj^— ' (JJJ -i j a. j 1 Ls 

. ..! jjU-.,.,tt jJJ! (jji jiiej V dili «^s iUSLI ijjiSU! j^J' 

4_l3 jJ^JLjj J . y. , ,.l t ^^Ja CjLijj^LlLI j^c CjjJLsJLi 4jLj^ i_iJJJ.I fiuieJJ 
4_ujlj lLLJ JUj 4j zjSLa (jLcoj V 1 L^JLo » Lcaj ^jt JjljILcuj ^154^ « <lj2J j )Ja CjUjjj 
i_3jj^ Cjuj^S-jJ.1 i>JLA (jl t^jJ Lai .4j1jL*c.j d u ii^Ltj (—5 ( _^ajalll ^j^** 1 jj^ 
L^jI j jLij jLJSj . . 3Li_>JI (jJil aa. (j^ J>i>i' ' a uiS ^j£ Ij^jj^ LaLjjj ■■] -1 j 1 ■■" 
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»l a i .1? ,j-a pA*JI (_yfl JU Vj .^ <ilr t_iLj^-*lj_iII (Jjj Li^-t-ibSLII I jut (jl 
L<i_i_3 Lij i"i a IjUsJj I i j'a I j~ I -» LLa ua a (j-a QJ i J djj t»l aUtl I gale (J-aaj 
j_yAj i4_lJLu^UI 4-iDI ^1 £jjJL>. (_y3 *j>-j_j djaUll »l a 1 .iSl (j-a j-jj£j . p j Lu 
Qaj-ujl jjl I j 1 "j Lj La-ilj ijjjjLLII L^j <_Ja I -»"j 2 (joJI 4ILlU CjLilll (j-a j»ajJ! 

aJLa p ^ aj ..djL«_aL»JI ^ £LlSLu-u}LSL!I 3_uLvuJyi oLJjjlII a\ mS! ^ 

lj -1 j a ^yfl p-£J-a J^ i_Lj*JLj V (jyis- i4_La JLi V j_al si aUtl JUX. / " » I -» I U , ^ 1 1 
a^IkJLi (j^ 1 1~ i"i U joe JL^-ji iij .t-djl 1 11 U p j pj jjjsal . Uh^.",'a ; i_i_&j_a J^ 
j-a^fl (jLa i(j-uLj ra-g-jJ-C (j 11 j lj p j<* I 1 • u] (^yi^. f-^J-ll ^J*"' »l a 1 nal OJUfc 
(jl s;lj-2-ll 5_aLc u n*\jj . JL^kJI J j I (^ A4L1JL1 ^U'miU JUX. lJ ^>. lillj^ 
jl 3J^l£ »l a 1 »^?1 liJJj (j-a p j^.j. V» (j? (jj^ p j 1 ><jl, 1 ^^3 3-aL«JI aj < A 1 1 |j£jju 

. . 4_aLi-u 



»l <i I < II I j Sj • j (_^lll (<ijj!j->J! j^c i_iL_> I jut 
t j j \ . %, a j ^jjlII _JLiljI L^jjuj iCjl_ijj£Liil (<u-uLi 

4_pJI _jL_l__!l -i i ..I .-Ajj.^a 4-ai_ (__!_. SJj^Ja _jLai_ 
J£ (_-_ 3-J-JjJ.I j^c. _jL_L_JI dJJj <_>~J_J .4_j_jJI 
i 2) j i S 4_j_>* CjLLiIS 4_i_ Jjv^j i^^pDj 2l /— l£. (jLSLa 
V (_psj ^1 (j_a SjLjJLC (j—TLal ^_3 _JJj_l (j7ij<~ L»_^ 

. }Lj>-> j! (j! (jj->-VI 2ur>JI cjCj-CJI L&i- ..U-, ,„; 
/— i£. 3Lj_>J1 jl>*^3 Lai Lcv jl>*^j cjujj£Ll11 ^jl Jjj>J1j 

^pJI 4_j___l| 3 untl JI_$_»VI J!U3 l»<n .(jisjVl 

L>5_> 4_LSLo.ll 3l_<_»JI jja^- _j Li »^_x_ul I I j I 1 — •"■" 

. L— j^» i 
i__^L_!l (biosphere) 7- }____> I SLpJI «-jlc (jjil-j 

I JL_ ?____■ (_. 1_. Sjl^vjJJ 3j___J| _JJj (__ 1_. (_£_J-IJ>JI 

foJ_— i_a ^JlL>_ CjLIjLSJI L$j— • ^"m*" (-ILIIj c_S^£jl 

<_P=jVl (>lj ,_L__L__I - La ■■■ II _JJi i^jVl «Lp-5 
l_ol .^j-jJI __}_J-_I (j-a aIj__VI ,j_a _jL__o 

_)l J_JjJlj <_p=jVl jl J-JJL- 3j_3l_>JI _jLjjL__^LII 

(___ CjIjijLj » ■'-^; ,3_jj___ nematodes 2 j-lj-au-Vl 
L^5_cjl Ijl VI L_3jL*_j La lj_LJ Lg-__j 5jj_JI <>->Li 

_jjI_uj l__>.jl JLx-a (__3 _JLo__ ^l j___ZJj .(jL__VI 



II 



(jluulllg CiUgjSUaJl 

(_Llo (^rLc JJ>J Cr-^' J}*"** 1 *' ^^JJ 3j-<liLiJ3 j^till ij£ sLU •» La I ■■ 0-30 La j-U 
CjLjjJ^aJl ^_uij^>> Lai . ^ u Lga rt ^j aS3 La LJLc. ^ ' ea ■ a -»" rt CiLulS tj"n»" C^_u*- 
L&jijJLj !il iJ-J-o 1—a-L.a-J J^e-i f— Lu pLijjl ^1 j^>JI (^ j i"i"i i"i'q Ljj_uSLjJIj 
LJjJI jjJI i^jLLlL c-M U*. ,,.t (j^j jlSj .^Uintl ■"«! aglaJI j-o Ll!LL& *!^JI 
Jljv^j jl (j^Laj Ljj_uSLjJIj CjLjjJajill jl 1936 aLc J_Lo jLjiaLm cUaLu/^j 
4_j_oj_Sj| 3_jJij_j_o^M -I LtaAl I 3jl.il i~< <i iiu£l Li£ iSjLjJLC JLloI fLijj! (_ r lc 
(_yfl (j-^J • "^-i* '8 ^1 J <^_' fLojjl ^Ir 2 . ^al iXg j! Jx.L> JUj-jj L$j| LuJLs. 
j-^-ill (_p (_y3 jl>.I_j jjLS j^e-i Lt^l jlcI f-Lu il *j^LJ ju>- diLjj" mil ojufc Jilo 
^Ujj! (jJc <.,«<U *JlSJI ^ jjI£ 100 ^Jl 50 JjLia 3_mSUI ^IjlaVI jj> 
i_ajJi_ll pLijjVI j-Aj) (_p3j2l •» t-» , „ ,jj>3 ij^!- ' a - uuj (jjj lj 1 -^- lAj fJLW 
jLflJj.SLLol^ilLx^cjUjlSU! ojut jl ^ dLi V <ij? U^i(3jLiUI SpUalJ 

l^jL^JI ■ La j -» -i>t ,J_l«j«JI ^JJii-Vl u& Sj^tjJI CjLijj^Liil i_fll uiT&l jSLal 

dJJJL^ . 2_j_aL£ i." i i n j t cjLuISLII ojut jlj iJLloI 2 < i i ii ^1 J l^j j ■t* (jlr 

^Lul) JJ~- . *-»tl i_21^>.l j^a 4_i_ujLjJ1 ^—5 *Lp- CjL]J)j£Lu3 (-!£. JU i^aj>J I jS-ol 

(jl (>SUj dilj (^icj .j»jls 1200 (_,JI J_i^i3 jUct ^^c (lUei'tW jn liiStJI 
d< o iii «_Llj i^g^pJI <_a}LiJ! jl— I l^AII jljj v^jLaLi^l LlLtL>JJ lil-Jj2J 

2 < j , ii JjlU". ^ VI - La ui '"' V <LpJI CjLlUjiJI jl j-lC. . ^Luj 25 ^tj w i^aSVI 
i(_gjjjl l—S^LiJI jjs ^Lajj/^l «j->JI ( _ ;r 3j J^e-JI Cr^J 'Lj-ujLJI (^rLc Lu^2j ij'^!- ' 
^Jj . Ltjitj jl j»J^ 4j|_a i_Lu <LalaJLa ^5 j'ijiI 'l-J-:*^' CjLuLCII -i La « a j^L! 
(—S^LjlJI ^-LJ i4jLfljj-±JI fC^*^>- ?*-Lu t_£u>. c-aS^SJI I J_A (C^>- vit-Lgaj jl jS-al 
«_o)2_II_ijj_jJI ^j ui a j_a J5HI *j->J! l£J i»-4x.Lmjl w .^al JL^-^^pJI 
i'\ \~ ijlj-^o Ljj^j^ j^s 21jlUaJI 2 S U j 1 1 a jjt ^ ((jiaajVl pLitill »l u'nil 

j j 1 'I jlSj .3l_pJLi I jji 1 ■■' < _ jr nJ1 3j_uSLII iLia-^J^LiJIj 2_jjL«_iSLII cjLlLuiJI 

jl_«Jl^.!j £ l-J->JI CjLcjLOI (Ji.ljG i_ljJLj/Li jjjlil TcjjLiJI «:JLi J_La j Jj SLaX I 
JLlc «Lj p I 1 11 I' j-°J *J J> *^' ' L^Lcaju j<-a I j Lgaj ] jj-o^Loj ^j^->* i (^1^. ■ J '^** 1 
i^LlLulII iLp-LJI j_o 4JI jl 1,3^^ Dj'j^ I J i^"*"_' <Lj»JI CjLuLCII jl jj^jiSLII 
jjljjJI I JLA Jlj Lt3 dl!!i x_aj .^ti!l I jut j_lC. (jlr jj^^/l jjSj jl jSLxj V 
^Ul j j .iQa^j ojUijlJ ^1 IjJaj »l ^Ull ^JjJ 4ajIj ^n.*>j.i.<« ,_jJ^J-II 
jj'it^ LiLIi f-oj •'l^ (J^tj»-I ^-Sj LaJ-i^. jj^Lj La Tcuajl tl^ulajl ( _ ;r 3 jjljjJI 
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*_a *JJL^_i ' a J S. j II SjLcl (_j-l^. 3 *J iia.ll SjJLaJ *j-LI c_oe-<j 5JL>JI OJLA ( __ r 3 

jjtj-ecology SjjjJI aIc jj^" jlsj .J^lli-V! <-dJj (J^o (J^cj i jujl>- OjlP 

(JjLlj (j_a sLLSLo I jj La J I j " u j J j CjLljISLII £ju <iJ3^L«JI (JjjjJlj (_£ jJI («J-«J! 
d A,^, .-dj-^tl .-<! i'iKtl 'a W ^~r"'-'J ** *J. w' a uj^j" 1 ^ d ^J a ' ^ Jj ' ^ ""'^ 
(jl^pJIj tjl i nJVI jujILkj .^Llll ^aJJI (jlr J^LjI,! ^LjUcVI (j^s ?-Jij^j-3jjLc. 

£)l I o S . (CjLjJJI j-j-«-) tj"'J*" £)] » .J aj i ■■" z ^jj>. 2l /^-^ (CJ (j-*J t<- ' i ii» II 
SjJjJI ^jft (j mi i"i!La dlli ( -5 i^J '(j "1 '~'tl sj-Us <Jr^ J -*-" > -^ ^Jj-V ^IjljiJI 
cIjLl^jJuI! (jjj dilj J£ .,_p=jVl ^ylc SLpJI jlj«"ml jv'-'" ^yxJI 3jl3I jJI 

cIjLLjLSLII ,j_a 3JL1L5 ijSLL dJLia (jSU <( jj.jIjJLI jluj}Lj ^"-v U^j^tj ^pJI 

JLLdJJ t^ya J^SJ i^-JLlJI /J-L*aAj| (-3 J J ' ga-dlul ^j-a »/, i"i i CjLLiLSjI tfJLA (JjLul 
(_, Ir ^j-ljJI o'j^' Cr^ c| 7 LJl ^ l5-*-" Ji^-" "LujjfcV LlA aJLs! (jl (jJol L»-l3 
t.Sj^/1 Cjl_LilSJ1 ^La_] <3->-l jj-« 4_u_uL_ul-4_aLc 4-A^aj-L^Jl ' gLp a ^y^j2] 

(_^a >i>J (_jj.II i_<Jl_5->JI lillj ^1 3joH Jjj^ ^ JajJaut tj' <J^ i^ilij 

L»^£.JU (- _ r lII CjLoISLII dJJj ( __ r 4 __)!}! CjLij|j£LlU -jjjIj j-LiI t^j ui 1 1 1 (_i.iii->»tl 
liLa . lj-^>- (O-LtJ ..i_JLaJaJlj Sj_L*jJlj (j-<2-«-Jl L^lo iSjLC -I <i i <u (jLjuVI 
'"'I ^ La a llj CjLjijj-LaJlj Ljj_uS>-iJI L^JI l-tl^ 4_usJj(JI L^jI o i nl (J^l 3 ! I m i"i 
Ltjl ulj Jl i_£TJ-o (__hC Sj^Ls a J d ' (j! X-SLiJI (_>oj • L^jJI . ,11 ->Utlj LujJI 

a 1 JLselLm 1 LLlcu l!ilj * j^la-lLU, 1 £ya *J^>- L_ ail jj-o Uj^>- (^jLxjjJ ^jjij^Liil) «Lui£La 

. ((j_uj_j^ tj^'j lP'-- 4 - 1 t — < -^ > " (j-JJ >— t_L>. Ljj-uSLlJI jj-* LoJl ^jLb fiL^jJLa 3jj_ua 

(j-« jLTlSLa (J^ ^--5 Cj Lj^j-SLj_1 1 jj-a 4— iLa-<-q-^>- ^—11 (J-I^j j^-ILiLg 4JcJ udl_LA 

5_j_L£LJ1 5±i£LIl (J?-^_U1jl1I Slo^LJI ^-^^Iju \jjtj .Sju>JI 2u^ljjJI 4_»>UI 

Jaj-iJ g-L-Lta -^Vl > ^ 1 c f_ Lea *" i ■■" £j\ LiLcoaj u-tS$SLI| 1 JUfc (-h^- ^u^gj^Lua-U 



IS 



(jluulllg CiUgjSUaJI 

^ j S j S ■*- II aL2j2I tj>J-^' '■"' ' " 'j) ' ^ * ' g3 Jj^j m^a d i ii o~w L»_a j^t_Jlj j-aJI 
jj^a "ijV dUj> i^jJJ V I Jo. I Jj«Jj ./oJLlI! ^ i^jLil^-pJIj .TjLijj£LlII 3JtSL! 

(j£s_4JJ . d 5 Ua 1 I aL9j 21 J-jJudJ (j_« ' JUjS * iLtuO* (_3 dim ill J-jJudJ J-i_UJ 2l 

cjLiI i n-»JI cjj^Ji I jLa ; J Hill Jjj > » ^j^- (JJoLlU ^j*-*; ju>.i_j (j! (jL^j^U 
Ljj_l1SLj liJLLa .«i_ajJlj «IJu«JI L$J 7-Ll Lojux. Sj j jS 5x.j . uj cjLjj^SLlLI 

J^ 3j_o 0j)l Ji£.l I— kg. L *-->"" I j'" j_uSL!lj >& * j* \ | | J^ 3j_a LtLj^L>. -i ' ..*" 

.cjLcLj/ cj^Ij jI <j-Gx.L-u J£ Sj_a o^l jlcI i '»?• I . v»~ LtjUajlj 2 JLiJa > 30 -20 
3j1>JIj -4jjJI tijLoLSLI! i. ,lrL <j-ujJ3 lil Jjtjuo jjLS_il! J'«" » AaJL ljutj 
Ljj_uSLJI <j-a 3Jli£ jlIjj Escherichia cgVjji LlAjj_lAjI Ljj_uSLj <j-a SjlsJjJI 
OlJL£ Uj .*!jJLll LgJ jijj lj>l dilij aLjI 4jMj ^ <_P=jVl ^-^ 6^- 4iP 

<_*£jSL!l I jut (Jlc 4jj>JI 3j>LU ,3-a 4jUI ^ 90 j^tj Lglj-mJ j-Lu djLijjiLJ.I 

fy^-lJ-Ut (j-<3-3 4^1 JUul L^jjd J-^J ' J)] AjUJ-l-u Cj 2[ JL*_4_1 ^jlSHj (jl » .. ' ' "~J 

l^jJUso /jr-tJi «LjjLsi_iSJ1 CjIj-ujuJI -n la * rt (jx. 4J^ mill (_jt CjLLiLSJI 0JUt (jl 
(Jool i_2j_»_u (j-J->\ J-^^i O' c * .' '- ^-"^J .t— i£a£j| I JUt ^j^£- Lt-Lqj>. «Lo~2l 
ja^i (j-ijire-i Lcj 2 dllij i—jLjSLII I JUt LjLcj jj-3 J-i-lj (jl <jrui -L L o-i5L!l (j-o Lu-ui 

-Llo-iSLII (J*^>- 1 <_ 3j-<-u j . «LuijSL!I (jjj-Ia {j^ cjLjj£Ll«JJ ^^pJI JaLiiJJI i. ilf I 

(jtj t CjL_ljj-j>. ^Jij-A /^i^. jl>.^j ^>->Ji (j-^^-jj-u-ul jLc. (jlj ^j * ^j < aJI 3j ju 

:jjt o^t!-^' j^ S'.^P o'j (N = o) V-^J (Jf^J- 1 U-° L -^'-y J^-l>" *cjjj-?^' 

0-° *— ''J- 5 J-^J 'j5 U5i>^ ^J- 5 <j-° Ui^-y ''-'- 'uJJ^?^' D' ur^*^ JUtj CH4 Ju ud 

'.^LUI ^tlll (^ri^. (jLull U-ijSjj (jL^ijVI U-tjSLj LaJUc£.J i <j^>. j|j JU14J I 

H ± 

I 1 

H-C-H a,-!)-^ 

I I 

H ^. 

4j^jJ,I (j^jj£L!l 3j ju din" 1 n« J 1 K-Vi" jj^jvjjjul^JI cjIjJ) (jl lJT Jju I jut (jLa 

M 







JJUj 4_jl_3 ((jJj-u-Il «L^Lv c_i£j-« J-^j) ^^-«L£ JjjL_uJ1 c-*£jJJ 4jLo JU£.j 

H J* 

K A .H jj j] j. 



aX h X s 



H i 



(j-o cjIj JJI oj_a Ji 5_iLl£ (jl J-j-«-i ' j c j_Lo Ij ^ U" (j^jjL»jSLII (jSL! 

. C^jU d *j Lga rt (_& L4-1I (J\j>.jjJlj 2lj (j^jj^Jl 

(jLi-JJa^M (_, 1 r I j 1 U 5_^LJ (j-0-L^.j ^jLill (_£jJ (jl ,_p3j^l i_2jj-uj 

Cj1j-j_]J aj ' ^j LgaJ I CjIjJL) (jlj CjL)^_)t 3j^_t-a (_3 j i"i"i m 4_il JJJ 7-^La2l 
(Jlt-i^tj ^LII (_3 CjI^UuI CjujjI /tUu I g]S ^LlLa ajj i n'lSJl CjI^Ijj AJJ ( uUfl-UI 
«L_i_j_A f. 1 C j_3^Iij (jl 4_i^ i£^" 1 11 1 _M i nil jj-o CjIjUID CjLtlll aI JL?-**( < til (jl 
3x.jj_Jm jjjj 2 1 (j-»3 lilt!} (ji^.J • ajji ntlSLlI jl Aj_u_ul3joJI j I ajj \j.^.tl CjIjUj 

(jLs (jlj 1 !jj>- (oJjtj (= I t_iS) cjLjjjjSLII jl ( I (j) cjljHill jj^. JmL*jj (jl 

d LtaJL>JI «CiLu^ iN II » (j_a 4j>-L>*j (J£. (J_t-sa^tj (jl (J^JeJ ' "ll (j-« 
J Sj a 4jjLij^ /ajjtLia 4jI 7"J-"< (Jj^-I 1— 3j 1 n'q £f.}LJkl 0J-£J LLqlxji I jlj 

i^jLaJJ (_p-4J (jl (j^L^-i L«-^ *>t^-j-^ «U»»>JI 0j-& ^-vj • * j' a " "* ' ^J-^ 

./oJLkJI ?Luij£ ( _ ;r 3 CjLjj|j£LlU 4-l^-AI 5J| < n« ^1 Jijjlj Lt£..i .« LJj_La L^>.lj» 

vijjLso (jjJI 4jjLajSLII cj!j_uJi1II (_p (jl '•(_^-A jj-°^ I oj-4 (j^. 4_JLlII Lij^SLaj 

(j_a Ja-LS-ll I i^a-j? ti]L_L& (jf ^^k: ,3jsLc: >Lp-Vl Lgxx-mJ c-^jSLII IJLA (^ic: 
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(jluulllg CiUgjSUaJl 

Lin,i"i*j (j no i"ill (j-o *j \l ,^11 ^j^- 1 uAJujI 3_J^ 4ju5i2?I (JajJj lill JSj . (jjUJ^ 'J 
Jj_J-3 «l « ui 21 r-lj-ol (j_o 1—Luuo j->JI ( _ ;r 3 ijjjj^" (J-° ^^ ** * SLiju ( _ ;r 3 
>. i i i ii " j^t_Jl ^J* a ) j^sJJlj a >j La o 1 1 i ^ * ^>lj« tl ^j) LoS . SjLtiaJI d ^"*- ulAJLuI 
. LgJ (_p3jjilll J_Lc ^jLnllj 3jjL>JU j^Je-uaJI (^ 4-lxjjjG 4jjL«j^ CjIj-uJlJ 
, U A >, i j 3jjL>JU j^aJe-LaJI (^ 4jjL«jSLII CjIj_l«jJI ^j*-*.' =l» uiXI (j^Lill u-u i h"j 
(_p3j2l •» La i ■■ (ji^. gQaeoJI 4jjL«jSL!I CjIj-uJiIJI (jl (jy^- Lo-L-u (_p3j2l ^LaLj 
:i_<£$SL!l I jufc 2tjAU ^cuJo. (^111 vZjIj-uJLLII dlLLii."i i .m^ ,^-a I jl 4^sLj JjlJ 
7r iXjtj . 4_1_}L& 3^ "i"i i n a C-t-ge-L-t^aTa CjJ_o^>. JL9 I g . .. A * ^^j^l £l_ui_j£L3 

cjLJl^pJI Lol . j^tillj j-*JI (j-3 cjLjLjJI (j-o f^*-" I-*- 1 ! **ijL»^-N ^iijjjjt'll 
3_jjLijSL!l oV^elJI alx^i 3-aj}UI 5JaLL=J1 (^jIjj i^Lj^JLill J^I^jiJI ,j-a (j^a 

CjIj_uJl1II {Jjs LSLusLu.} LoLtaj JjX-I (_£^jj>J! i—S^LiJLa i_dJj ( _ ;r l£.J .(j no i "itl (j_a 
.3j i ii t Mill 2^1 Utl ^_i| , n~>. |t» diljj ^J^p- J-ol^- t>c- 3-«p-Ll!l <LjjL«-iSL!I 
^-J^t— « J— La 4_j_>J1 CjLuLSJI JJ^ '*"* (j\ t fl-p *_*_uLLl1 ^j > ^ All ^^^ m£j-u_u^ 

.l_<£$SL!l Ij *~U,,.t^jl <tl (_,J<pJ| ^ 3ijLltl^jlj_uJu Cr II ,Jjl JLS^ null 

^—5 d*^j «"i i ill fiQjtjjjLJ CjIj-ujuj Ci <'r~ijju jj -» . *-» 1 1 j 4_u^HJ1j ^j>J I c-a-jS^IL3 

Lo^ (^^j^JI i_a^L«JI p^j ^1 i."i^"'il (jr^s- (j^ i i nil (j-a jj^j^U.1 cjIj M.r t_JL«JI 

Uo-lSvjJI i la i --j **' rt jj-SJj A la * J-;J-*J /^ (Jlj La «U| i-iLiIo zj . a^jjI ^* J j* I 
(> 1 1. ill ,jjj j_ii-Vl j^i-Vl Q^J^' J^^i~ Ll 1 ^ ij^ lS^tP 1 ^' i_3^L*U ^JjLijSLII 
(jl ^J ia ^ i !il mjJ-^>-I d ^Jj la I cLlaJLLlI i>J_A ^j^ J-^*-^' (lA- 4 - 1 ^ .tiJLl!i ^tj jl 
pjj (_gl L^-j-j_i "j ^Ij-j^^sj^I (_^i^. CjJ-so (_^jJI 4-»ie-iiaj| SjjLijSL!! CjIj-jjjijJI 
I jLa -j-i-l Jal nil ,_jJ>-Ia (j-C L^-iLa^.1 (_j-Lc ' . '^'"" W ^J^JJ.'^ Jo I mi ill (jjs 

i_<£jSL!I I jlAj^Ic mJjLijSLII Jj-»*.I1 » t^aiej w "'l j^^LuiJI jLpcVI (^a LJJL»-I 

((_gj_Ua_«JI jl) (jJvjJ^liJI (Jj^SLjJI (j^s A^jj^ CjIj-jjJljJ (_p3jjijj L^jl LJJL>-J 

.(_jj^>-l 3j_o (j nS ttLij (;_gj i <i< 1 1 j-^.) ( _ ;r ^-3J5 T u!AJI (jj^SJlII ^1 
4_«-jjl J » i"i j i_£JJI j»j-j-II )«_jLiiJI jLiJI j-Aj (ju>-jjILLtl ^-LaJLc jl>.I_L!j 
^_3 ^_Aj clA^* JL)—"-^ I (j-* ^J-^ ^— ) HH3p* ^^J-^ c^^ jl>.^j ^43 . Lj^j>. jjjjLa^I 
Vj jj-^-i ' ti-l-I J-Sj 5_i_>JI CjLljLSLL! IjLxis (j-"jJ jj*j -J-oLi- JU>- a^UJI 
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^j-a (Jj-SJLj I 3 *J1> d -^- >1 -^ CjUjL£LJ1 ^1 J->o dJJ!i f-«J . 4_uLdilJ1 4_jjLa_j£L11 
ij*l^>*Jj—uJ 1 f-L-iJ . £}-G j)j-J 1 CjL<jJj>. jj_a I ^*J^^- Q^£Ju LklJLC La (_pj £JLA 

^r^>- jj-^-i-J I o-^J * (1^JL>^' (J-* i^j^ <-P s-^tPJ-* dy 5 4_»LL1 ^^ 15-10 j^sj 

^jAj>. jljJII] I (j-* *— J 'j-^ ^-4-^ (jr^- ^^ii ' tl^"^** JL?"'" 3 ^—j^^ < ^-4J-^ i_?~^ <: '-^''- i - J ' tg^ 

(^jli_>ijj 3jta_*_a gLaJfc-t^a-(j-\j>. Jjj-^-t-I 1 CjLljJ^?e_) Ouj^3 liil-^j-Gjij-jJI CjLjJj^j . 
CjLLjjjj-jJI pJ-tJJ (Jl (3^-4-1 i^-Uii (J^' (J^J tCiljjJI (j-a i—ajJ^I Cjljjii^. (^ji^. 
C-«-jL>J1 (JJ-^Lj CjL_Lljjj-jJ1 0_iL£ LLj <l fl-JoaJIJ jjSLilJl tjr 5 j-lj^ JL>. ^1 
^jl j^ ' "i^ fl UJ^- 5 L)' ***'^ ' ' ' <_7~^ i '"^" > *-^ CjLLiLSjI c-JLc I jj-o ^-j-u-ujJl 

Li_i£) . 4jU1 ijr a 1 6 -8 j^t-j y In 4_»_>J1 cjLjjL£LJ1 <..lr 1 ^^ (2ri3- ji>lil 1 3_j_<_aJ 

SJljIj 2'a.t^tl ^LcajVl jnfl Ijl oIoaXI (JjLmSLJI u-u£jltll L^ls till J *_aj 

. (4j u Lcti3>. (j-* LA Luxm 1 J <: l- : p- J-^- 

«L_lj>. Cjl_L»L£LJ LxLLa <j\s>*^j-uj\ *"-^'j jjljtlijj ^j d ***'" L^jl^ Cjj_4-i LaJLt^. 
^^yi^. CjLjjj^LJLI j-;pl3 <^e_uj j-;tjS Jl>. ^1 Lq^S (JIjeIlJIj ^j d *"• II Lol *t^J^>-l 
L^a^j u La_Lo^ jt L-ft-L-Ja Lai ^jj^^iI ^^^.A *^-)J-4-i Cj Ljjjj^LlL 1 J i^^yj^JI J^jLSLII 
. L_&j-j_C jl d_Lj1j_La_<_oV1 (j| JUjJIj (1j)jj_jj)j-_J1) 4_lL>J1 SjLo^j CjLj1^_l>J1 

cjLjI i *( \\S j-x£2\ 4_»_>J1 cjL_LjL£LI1 (^^j! ^^ ^^jijILuJI (J^-jlj /^jjjClJLjj 

j Iv^aJj-m Lj •*■ ' uaJ ^ uaJuu 1 1 JLA ^j l5 jcj (j-aj i LAj-j^. J JJJ ' 3 *— ' ^ '3^ > " 'J 
^-ILjI 3jj_ua_U fC-ilJ Jj-^o 4_iLaX. ^£>»iJ '•- k -^- 1 J .SjUJLjv d)L^jIit_a J^o 1 Lgm ) 

Jljju fQj (di l^p-i-I I 4JjjJt_a LjjTiSLJ 1 f-Jbj) ^j\jvj^ILu 1 Cj Lljjj>. <= Lu-A /^ic 9->J I 
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(jluulllg CiUgjSUaJl 

• w tl-.tl,UU^tl J« 




Nitrosomohas 



Nitrites No 2 



AjzS\ 'tiyut LjjsC 

denitrifying 

bacteria 



No, ol i rf j 



>]ki>I^J 



.UU^t t 



ljufc (^ 



sb^pJl Lj^jSj jj_« t jQ£.j_<jj?E_a i_£jLl&j . Cjl^pJjl ^J > a ^" I j & I jjl i ii ill ^j ^>**"i * 
(jl * jj iali ' ■■" I *j se 1 j _M o i nil aI^^Ij 4_]jIJ1 (—3 3js^j>^Jll CjljUlll 4JjHjt_a 

da I i ii i (J^Li. J— ~' ij~^i ' I) ' "** ^^rj^- 5 s J ^ ^ (j^J^t^ (j - ^* JJ-<-<-l ' 1 J-A 

' '"j ' Lj^A ill 0JLA ^j^** J , tj\^>*jijlulj 4j_t!U,l Lj^"iS ill jj-a Sj-jJLt-a 4x.j_*3J5e_a 
i«U!j 4_jj_lJI ^ I Sjtu (j"h»j jj>.VI I J '^**.'J ' L^'jj' J' CjLjLjJJI jj Jj*j 
I * o j" or^' d ^ * J 'L^J-^' ^J-* (J-u^L 3 *"' (LLta-AJI ^—5 L&j-al £ l3& j J <_£^_<_uj 
4-jjvLiJl (j-a -^=J v 4 — ''J-" J' ™J-°') Cjj!lLI jj^J-Jj^-i-I' (j-° -SJUI (jl (^yjt (jVI 

(JJJLIj (jf (jSUj jjlll j uuJI jl i^jlJl^jjJ! ^IjLcLa dili (ji^-j -5jpJI ^Hj 
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.^jLiJl tj^^^jlulj c£ijlaX\ CjLjJ)j£LjJJ JaLtluj j_£J-a Ly^- J-aIL*j La£ 

Laj_jjjJJ J^Li- (j-o liJJij 5_jj_jJI r-Lj-Jj (j-o J-j>j 2 j^ I LcaJI Sj a m^La 

(jJa (jj_i_La l_aJI J^-J LT^-jLH-"-" ^Jj- 5 Cr^ iJ^ ^ JL»-lj j»Lc J}Li- (j^J 

.(^jvjjUil! <j-a 
j->JI (^fl jj^jL)-" 3ji J^ iy C.C.Delwiche . ,jj<jaJ.s . <_d .ijJ <_ ■ m-w jlsj 

I JLA (_ji^. «Lo~ 2I 'I . V.al j ^^ 4_u-uL-ul d ja lh\ CiLkj^ j alt (jl y^JI (j-aj 

LJ (_^-ij-y ^La 4_u-uL-ul dja itl cjli (j^jk.jjjJi! iQALI Lj^iiSLJ! ouLs ! jlj 

.4_iBLJ1 4_jJLJl ^jLifo jj-* ^J^ 1 ^ ' o' 

^iiSI CjljIIlII ^Lu-A ty\£- Cj^-** 3ji-^ ' lP -4-1 O' J ' *~* ^" CjuLuJl ja-liut_a C^jLS Ltj 
Cj1j-j_LI1 ^—j! Luj-a 2l (jz^fc-l (jjJJJl Ljj"i\ ill (—C^oJ (jLb Luj-a 2l *Lu_A £jja 
Nitrifying (4jj.jHiII LjjjSLi Lla I a^-Ac jjllojj) 4jl3Lj 2j \l ,^",al 3^jUj jLojJ 

Cjljllill J inf (j^/ JL»- J^ (_;,!£. jj'^a j^*J '"■ ' " j T 4jjJ,I ojut (jSLI bacteria 

(j^jjLa-iSLII (j\j j^iis Jl^J iLuajsal J 1 "'* (j-a j-<-uJ I jLtaA 2 I clIaL-u^j SjjlUI (j^s 
-Lujjj^I Sj a 1 11I (*1 JLa-"i 1 11L1 •» La-lll ^1 j_LLa 3j_ji.2l ^ ' ' "J I (jr^ tJV^-'jj-" 

jl>o (_^<JI cjLjjLajSLII a\ jj>-"ii ..I ^-a-^La ju>. ^1 L^JjLu cjLjJJI (jj^itsj u^\ 

. cL>*jJHJ 1 Lj^IxSj j2 L\j jj-a 
(j^-? - ' "jVI L^-JJ-^e-J (jr^' ^llj^JJt'tl 3jJJ-J ''-^HJ 2-^^-C SjJjJ! OJL^Jj 
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(jluulllg CiUgjSUaJl 

CjLt£j-a ^Jj^_>tj ^_A *Jal^jl ^-5 _j ,.A*".tlj '^j hAjjj 4_j_>J1 CjLuLSJI *_lsj>. _jl 

3^&j 2_pJI cjLuLCJI 4^cjj L*i!i __.,lf j .^I^JI Cj^t < <&> SjlcL^xj 3^L«JI lJ Js 
2uLu«JI Lai .=uLCa o3i>^!l jji.i<! (^jIj J>L>.lj *I^JI t>° cy*-"i^l 3-Ilji 

JUjljjj ___^j i^<~ {j^ij£ ^- L z^ t ' Ur^ LWJ^' ^J ' " S I (j-'Li C.t-L. tr u w Aj-d , >. a I '11 
J j m£l (_j-iLj JljUiej jl i*!j_UajJ! CjLjLiJJI L$j L y^-$ '"' a -.j < 7- 1 ■ i; ' > > I J sl^J^JI 
t^ u a i"ill ^j-ua j_^c ^L-a^-LUI cLsLLaJl SJlC.1 null L^J^Lo j-t-aLt^. » ' ' au ' _j^jj£j1 
_jl ^ 7" ' "^^' ^- ) L : h3"~ > ' < ^ —L ri-^ C?~^ ^^ Cy° Cj^-T ' " ' ' 3 ^-lLsjlII 0JU3JJ 

M''i 3-^' (J^iM- 36 - 1 '— 'rj-*- 5 Ly^'-*^' 3 C~^ (*-5rr ' tjjL^ CjLlLsjlII 0Jlo> 

Js, . 3 , 3 j . .. m U3i>^' JLuj^t erJLij 3jUI ^ 2 1 3 imii j^ , „<Vl ^^k: 
3jjj (^ ajjki (j-o (_j-i.il ^jj^-" aj-& (^ (__, i "j^j-!! cjLijj^LlL! aL__j-uIj .4jLLI 

2 ^j ■ V» » 1 1 _}lj_U LjL2_i ''■' aj-(j a »~tlj JLallJI 4_lLi£. ( __ r 3-CjLij^£LLLL3 

. SjjjJI ___,_!! _jj_ij^L!l J j i ii SI (^Li JLlkj dlljuj L&j^tjj jlj^Jlj t_j-JoiJLs' 

(jjjj^LII Sjjj ^^ aLa <_alj^tjl ^jl\ __g jJj La LJLc I jut I _jl»c (^ I ^ IS. lj 

. (j^? - ' "SI *jj JJ i_gjj|j-UaJI JaLujV I ^jl\ t-L<j>o V LiJ-ji (j^jj£LI! SjJ-i (jl <^p- 

^1 rLl^o V ^^l 3_uljjt>L!l LpSLJI ^Lill J.-^H ^ i a al l^j i-aj^j 

(__JajsL>.j <j-\j>.j|j JU 2 'J (j*-^^ -}\__po 5^JUij _jl (jSLxj u^'J l(j i nii n ( __ r 3 (j^ ' *"1 

. 4_j^_ t ____jtJ 1 ^IjJLI (j_a lLLj-u^_uJ1 

I g-LLseilj V ^pJI 3jji>hII jljl! i_l^uIjij ^ 3_L*jtVl SjJLi ^Ijll ^jutj 
^^-LLkJI 3^ " 'M c^ crd^ 5_uljjt^LII IjpSLJI j^Jl^J Lol . SJjgiiij ,_>u*j^I 

^^ 3 ' " "' 1 tj^a- i uSal a JLy'i i n"i ___rjj>.| CjLijj£Llo sUaLu/^j J i hS'Gj * .tJaJLj 



(j_a (j-la (JJ-J-l_a i—aVl 3j ui C J^e-i I j Q _J^J_>£L!! 3jJ^ (Jj-«-o (<-Luj .SjJjJI 

t_i_il_>JLi Aj-ij 4 i imLlJI •» u , „ ___,!£. LlL«J! cjLjLiJJIj . aLc J^ (^t^ U5i>^' 
cjLijj^LlLLs jLkjJ! ( __ r a Lol .(j^jj£LI! jj i ..si ^Li ci-uTlj 4_lL«x. (j-o j-jial 

4jjJ^aaJl ^IjJil Li If I i—iJGjj (jaJ^SUI Jj i US'! __5.1L! CjojjJ (_^ ^La'^fM^' (*Al ( _ 3 Jt 

iDiatoms (I)cjLojjLjjJIj 3j_j^>J,I ■ .tl-»Utl ^.jJI aH ^l L^lLc ___;JLiIJ ^^l 

1* J ' "'J -J^ 6 -^' ■» U , „ (_ylc (2) (JjjSLi^LjJI tLagla ___ a j a LaJ (__ T l!l CjL_ijj£LlLIj 
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CjLjgji-ixxJIg (jluuUI 



Plankton 




:^e_Lll I jut u^ C&&^' ^Jj- 5 lP- 4 - 1 O' 






oULj 



ji^vi .Uj jU«*vi 




Cl-l-lTlj w 1 C SjjLS Cj1_j^j£LlLI (j-o SjUJLC LcIjjI 4_lIL1II Jj , ^Atl j J/^ J-><-! 
j^JI -^ j . .." L^j| V) t_i^jSLII ! JUt Cr^ *'-i- :>t " *J_9^ Cr^ ^;i *1 ClI J> O-llS (jl 

. I jj>. *Li^>L>. 3j)jl*jj cjLLu ^^ VI («-#ltl '(^3tJ-!I U5i>^-" ^JJ- 5 c - ^ Jj'''^ J^>- 

jj A , ..Atlj (jj^j'j ' nJI J ^jj ' ■•y'~ ' ' I g JU JL>J1j ^jr\j>.j)jjj 2l (JlLa j-t-aLutJl (jl 
4_jjjJ) Cj1j-_j_jJljJ j^paj-jt-ljj cL-lj>. jj^ j i 11 CjLuj->J1 c-a-jS^j (_3 (Ji.JU I fllS 
L^_)2 (Jp-aJI ^j ea « ■ I-(j ^j i ea ■*- 1 1 «L>.j /_ L^-j|fl fl-uiAJl 3jjJ) ^CJuj . 4-^j I iti"i a 
/_Jj (_paj2l (j-o r*!-^ Lr^ * _L £^^ J -J " ' ' (j~* 0"^ CJL^rr^ 3 '^ ll^ se J i ^ U**n 

CjIjjjJI (j_o Ltj-tcj SjjjJI i>J-A ^^ l-4-«-o IjJ-i '— > W JU^r!-^ ' '■■ '*^~J 'J^ 6 -^' 
Jj,^,A",tl . j ^Vl IjutjjiiaLLJ (jj_j . Iji n_nj \jj^ !_y±A 4JI (_j-l^. ' L»j^J) ( _jjj-"( - ^I1 
^Jj L^JjtL*_u (jl (j i i h 2 d jn ital 4Jl!Li 3jjJ) ijJLL* (jLa z^j-lm (j-a <j^>J I i J "J 
j i a * « a .CjLijj£LlLI (_^i^. I LaJL> I J) Lead J-«1l*j L^jl jji JL>-I_j i. _u i n (J^-l (j-o 
""*> Li qLLlAJI ^j^->* 'J (JtGjij-aJI c_<_jS^j (_a (J^JU /^-ul j-t-aLutJl (j_« Gjj iSLII 
^_a t 'auLajq JL>.1jj ' tLLtaJ ^jro 7-j1^_u d 1 1 u i /^i^. ^jIL>»j 4_l>J1 Cjl^^L>J,1j 

dilj (j^s j)jJ.I 5ILi^j ^ 3jJLi 3_L«j»l L^J ouj-iSLII 3jjj>j .oj^jSLII ^ 4jUI 

4_j_*3_L»J1 d xtaJI j^-a^t I ^j^* » aJlSj (jl I nlr 1 ^" . ..^1 ' ^ (J^3 LuSjj j l&jju\ 



21 



(jluulllg CiUgjSUaJl 

J ■ ii^LTJI p j ffiLa-a (j-&$ ii_jLlSLJI 1 JUt ^^-B _L*_) La—i-Sa Lut 4 j o fral Cjl j) 

4jjLijSw!! iiJsLLaJI (jiiajjj jj^^ LaJUC J i iiS1_lj-Q^-ij£L1I jjtj-(«jtjj I (jl 
t^J*- ' nS 2l i^-iijj) tj 2 5^ 1 nSI gLiLsJtJl /^ <i 1 n"j . 5jIjj>. 4-uJb l^- ^jX-L^J' IjLAjj-* 
:Q^jj£L!l Ju 1 iiSi (^^i /T^J^ U5i>^-" i^jIjJ (jJI i_aLUaj 

(j^jj£LII ju 1 .i^i Jjl (j-o s^;^ oj^ ^^ u^-? - ' n^al (jSLj (oJ (jLa 

1^2-1+^2 

2 2 

djIjLiJ! jol_j£. ^ AjuA\ JjiUJI jjt-3 i < nLlXL-a- 1 jla Q^jjiLI! ju . ..^I Jjlj) 

(j^jj£LII 3 J i iiS I (3^>-4-i ^1 J i h^QJI (j-o CjL>-jJ) i < 1 1 '< j a *u (j-oj • (ciljlj i utl (j-o 

. J i n^Llll (j-a SjUJlC CjL>-jJ) ^\c 

j_4 dJJj) ^ I r ( _ ;r J>.j)jjs_Lll JlSilj . LgJ p i n->JI *\ jLa-" i nl juc dLLIj Q^jj£L!I 

liLh'U-" ^^HJ jj^^l 
C*H 12 6 ,f „JL. ,J 

C„H,jO„ 60 2 » 6C0 2 + 6H 2 

(.u) * j y /i\j^s\j\s ( , U) 

2al Utl joJijLA Lo| .SjIjjs. 3-u-A (jlr JJ-jj J«*l al!l I JL& ^ 2 al Utl ^j^» jj 
. p i n->JI i_aSLIoj (j-ojj (jt^' 4-AJlaJl I 3_jj LijSLJ I CjLlLulJI lLLjj-^o ojjJIS 

• ij^>- i nS^il jLc. a! ju^"i i ill (jjj> cjLlUjiJI j>jla JiL4J (»j-S3 (jjJI cjl_ijj£Liil 
•.cjLjj^jSLII ajJt~ i n" ^liLa cjL1jjj£JJ 3Jj_L>J,l cjLijj^LlLLs 
Carbon compound + Ca SO„ » C0 2 + H 2 + Cms 
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4jjLij^ 3j)La J i iS G (jl <LoLc «Laj.aJ Jj-SJI (jSLs-ij . (Jlj-o-VLi 4_lLu<JI ojui 

. (irt^a- i mS 2 I (Jlj-o-l j<Clj M_Lo ,3'j-^ > -'^'' C"^) 'l£>**' 3j>La (Jlj-o-l 4qa. I i -> j 

: j j iS JL>. ^—11 gL^jl i ii a cL^jj-Laj L^J^Hjtj CjIj-LlLJ «U^IL>Jj [jj u\ 1 1 1 J 

2i Cj^LcLoj ^—j! t j^_jjL<i_jSj1 j j mi 1 LaJUX. ^^. i ii tl ^j^** ) j^-a^l ) 5 *"" j 
( _ ;r llLJ I JUt (j^J " (J V"**" '-9 S J I ii^ Cj^Lc Loj L#j I (_^i^. tiiS (j-*^*-"-"^ ^ I a) '" '■"" 

3 ?U*iU < ~ «\l <~ I a* It /jjJI 3_oL«JI ol g i nil (jJiAJ L$J Sjj^jlLI cj^LcLiill (ji - U 5_a 

4-Cj_«^k_oj idJ_jJ_jJ_>JI 7-^Lol J I (Laj_j-CJ CjIjJLij CjLjj^jS) jjJUJL>JI 
(«J (jlj JJJUJL>JI icj^aJco (j-a I J i n^Lj j5£\ (_gjLljSL!l J-lij ( _ ;r 3 dljJLjJL>JI 
(jjl jJLS (_gl (.^^C JJ->«J /oJ jl) (j^? - ' mVI (j-o J-^' J^ C"^ *Jj> J ^ i '^ J-^*"-* 
JJJLjJU>JI JlJj^K tj-a 1 J i iffi j_£l 7- J^iiLjjJUsJI Juj^lSLa i LlLll tjua- i n^Vl 

a J i il$VI Cj^LcLilJ <Liti»JU pl^j^/l jj-o . ijA* jj| CjLijijSLlLI » jU", , ,."j 

J .^ A tl ^^ ,Jj_u-u L»£ dJLjJUJUsJI (jJI JjJUJUsJI lIjLjij-o Jj^jo tiilj (^3 

djLjjiLill (jLa Jlj_o.VI dj^lcLzJ aJ>USji,i<V1 o^LcLojc^jL^ Uj.^Litl 
i_ajjJiJ! ^s (jLjuVI x-dajjjjjj . 1 1 '--j I 5-oLgJI (Jlj-li-VI cj^LcLoj ^j*-*; iJmuso 

Ojj-AjI 3jjJ) ^-b j^^aLi. rjxiajj CjJL^j I JLAj . <3Jl^Io*1 ^ w n La JU_u^Jj ^£jj>*\ 
.Ojj-AJI LJj-tSj ^. o i n" ^LLlj «Uj-U1 LJj-tSj jj-a «Lc^_aj?c_a LAj-jJU (JlIi 4j^_»j>J1 

4 j i iiLu/al g| n i ii II j 4_ojJ_«_a jl 4_Lj_lu3 I j Lu 4j^jj>JI 4^^L«JI (jl ,_jj>JIj) 
La_i£j (CjJj-jSLII 3jj) (_^Lc 4-i-i-i-a L^JjJ jjiaj^l ^gj i C (jl ( _ ;r 4 I j Lu 4$j" miU 

Ljj_iSLJI (j I Lajj .3jj_UI ^ cjLbjjSLII (j^s oj^-jSLII (_^Lc J ■^■-- , (_^II cjLiLjJI 

(jfit'llj (JirtjJI CjLlUx. (^ L^JIj-ii-l (<u 3j)Lo J-Aj JLuj^jS <ijjjt ( _ ;r Lc CjJjjSLII 

.oj^jSL!! (jJI jlujjjSLII Ijla Zj in^l^j^Vl IjpSLJI »jU*. ,„*j .5QjII jIjjsJLI 

Cjljjj-jSjI (—Jl Ojj-jSJI 3jU_uSt jj-a JLJ^-J ' d '**' 3e rt j -^ t pjj £jja Lj^"iS ill (jl «J 
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(jluulllg OLigjS.i.nJI 



^•Ul <U_,^ JjUxM 
S04(,f v J ) 






Sulfur - Oxidzing bacteria 







CySJi iM-* (> ujj( 



Sulfide - Oxidizing 
oactci 



jLtJjl » J^"' ' " I /jy^Jl /j-A ^hP-^'J 



^j^ 4_LuJkl SjjjJI (j-a (_g^L>JI *j_>JI jjLajj (jl Gjj A 1 1 5JjIL>JU Ljj-uSLAI 
2 -al La 'I (_, Ir Jj^uo (j-Aj 1 jLujjj^ (^Jl i^jLIjj-iSLII Jljii.1 Jjj«j il JSLjSJI 
4_ujj£LlLI Ou^jSLJI Sjj^ j n" 1 11" j<u (j-oj 2jj< V»»tl jljJJ a J 1 n^Li dUjd 2_aj^UI 

ajjt ojj-iSLII LjpSLi j^-jj La LJLcj . Ja^ LiLlII <^jLuLSL!I <_jJI 2_».L>J! jjjj 

La-ijJ . L&j^e_ij 3Jij_m oLJkl /y^J A-ujj-jSLII oLlLI f-^Lu (_^-3 1 <l « j j La II ( _ ;r 3 

j^ts (^a l_6jSDI I jut (_ylc SjlSLcJI 3_pJ| JaUJVl (_yA LpSLJI ojut ojI£ 
sL-lIj^-lSLII 4-^-lj iVI ^ ■; 1 11" (^r-Aj .«_<-uLiJ! J i^Att ^^a ,_jj_uj, Lo rcjjLlII 

tt uajJuoi Li£ 2 j \l , .V.aVI j ^.Ijt^ll ( - )ja jljJLkJI £>c SJj 5 ; , „ a JL«jj iSultfureta 

(ji 4^j| uiXI LpSLJI j£i (_^3Lj i_aj 1 n Ij .t_ibSL!l I jut ,3.0 2_a^L^ Jj'^' a ^^a 

. JJLJ Lo-l3 CjJJ-jSLII Sjjj 

'I Lalal ( _ ;r a »■"*!'/<"" 4j<i itil L#J tjjSij Lut <j-«j •o^ 3 J^'' c"^ *LijJI j-^Li^. 
.cjLjjj£LjII V^J Ltji^>.j w j* u La (jLcj^j/ LJL*J1 cjLuLCII (jL di!i i<_p=>j^l 

i_ojLLi^J! (j-o JJLCJ 4_u-uL-u2l 4Ja *. iVI ojut (j-u *-«->>J CjIj^SLlLLs dl! j f-oj 
CjLij^SLlLLs .t_gj ui itl (j ni-rlt sL^CJ-a jl cL^Lj jl «Uij^ OJ^ ^ Cr^' 2_j^jL\II 
«La_i£ jj 4_o^jj^_laj1 4_o*Lul £jja ^ysjX\^ ,^jis\j^az\ (.mi n" (JLjLI /Lu < u ty\£- 
(j-o 4_jf ^ I f iCjLJ!j-j_>JI jljUC^ (_gjjL»jJI Julj^JI ,j-a JU*J 4JI Cua. ,j-a 

j 1^-1 t"i11 (jLcuJ^U (_^3jJll *>.'."■ "j l5 jJI r^jV' iJ^- j^j^ U? J_jill Jjiaa 



2^1 



L^jl£La (-J3 *_3j Lq-L ev 3jLLfl_a ^j aaqJl a Cj^JGjI '" _' 1*" > j" *"j *(*3tH' (SJ'-C (-r^ 
JjlJaj (jx. Oj>-jj>. (jl I j I5jj-I g^lc J-*J*J Ljj_c£. (_£jL>JU i ^j Laj n_i i iiLiU 

cjLlLsx. ( _ ;r a cjLjj^SLlLI LjjlcLjijj j j lijalil aI »t-»tl (jSLJj SjujIj 3Ju JJ 

jjjjj .i_i_jj_c jij ( _ ;r 3 Lijjia-i i -llj La ■'-"I u i j 1 11" JL9 I j !S tj 3jJ-iiJI_j -i Lta^JI 
4_u JL*_U t. < < nljjjJl p lag 1 jj-a 1 JUJLC 4_ij*^J^_ij>- 4_Lajl (J^L>. Cjujij^LlLI Oj^S 

LuLa 3jL.ujJ.JIj c-J-LaJI jujjJI J£Ij <_ . j ..." Lojuc LjJSLlj i/«JL«JI ^ <U-l3 
4jJa (^ VoLj^iLilLaJUJI (ji^io* I JSLaj .3 uf «tl L$jL>LSLoL>i_o.j_i ^? 

\l ,^",aVI ^ If JjLjJI Lfcj_ulj jj* (jjj-uSLII ^Jx. (j-aieJ (^JJI ^ L^J 1 J-aVlj 
.t_jLjSLII \jJt pjj^3^a jjt *Js!_jJI ( _ ;r 3 liilij . ;_gj mi 1 1 1 (jjilsJI 4_u»L3jj 

311^1 dJJj .5 liUj S I^Ur La S LuLp- ^ ljj-i cjLjj^LJtl <_jJj <-<ij£ 

ijJI—Ljt (_L* t{Jsl i n~n (jl (jjij^l (j-o (jl ja-u-aJI i^jLjJI liJjjU jl (_JJ-U 3jJ-*J 

1 nlr /yJLuJ L_3^j_uJ . Cj L) j)jS_u. i L$J (j 1 «JJ 21 i i- 5 '^^- *L*I ^^-^^rH' '-'jLxj>- Ur^ 

jjjj J^ Lul (jJol (j-LiS-Ij •l?>*'' C^ jj'-?-" O'j i>kl_«II <_H"^ Cr^ j"^-^ o' 

.L_S^Jl_a J-jl^. p^-U3^_4-l *1j-^JI L-AJJJU (—Jl L_3JL^J UuS (JjLuJ (j^SJJ dJJ!i (—5 

J-jlj /j-J-Jl jl 4_loj>JI CjLuISjI jj-a 4-qjc '^'1 4jC^<u>J,1 lLLQj w dqj I (jj! pJ-A 
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4_j_aaj2_JI 4x.a_aj>JU »1 i ii il ^3 oS)l mi Jj I >fl 1 1 n 
(—5 ^ n i nt « La ii i a rt )) d i iii" /^-Aj isLxcLu^aJl Lj^**iS ill 
jj-a Cj 2i^Lj_o f, 1 c 4_La ^Jj i^aj>JI ^^^-4-iJ * Ljj LLajj-j 

i_aj i^iU I jl^Jj 2j^ I ;,^ll 3j it,^l cjli cjLjjj£LjII 

p Ja "1 i n a S ) se ^ ^j ■■ j ! a j 9 Jj^fc-i ^-*L_& ^ d j La a 
j_lC. CjUej^/Ij 2<~ I '».^»tl ^£ 2_ajtir~i i nU CjLlJjSLuii! 
3Jj xi ii U ^IjU-i 'tl L^iSLJI I i eaj I ■ La a sej Lojl » 4-ulaJI 
^jl QJ - ' ^"' * ^ Laj i ■■ > itxJiZe-i ^JirtHJlj Si ulAJI £>^ 
reference strains 3_j_,Lj>.j_a cli^^-lm ^ 1 r Ij-Lxa -»j 
2 K '.a i,i j in" jls (jlII v2jLjjij£LlLI diL*Li L^JjLlt. 

(^J^l ' *J ' -** » I 3l_JuJ aLj! (^ ^Ll«Jil (j-o (jLiJ . La 

CjljLj^JI l)JJt (JjJ, I I J I II LkiS (4^1 (0-J_J • LxaJJ^ (^^ 

J J w i i (j-Lc- fO-JJ ^rll! 3 jlin"t l (j-o *-9 (jjj L$j( VI 

i_i_L^-JL^ ,_L£ ^ I r-1 j_lj>. j^il cJj Laj . 3L&LJ,I 
jl9 J-jJs (j-o <>SLj joJj cjLvjjJI t;r Lc rLcjJVI Iju 

(j-#-Ji 31 se 9 Jjlijso jc3 « Ljj-uSL)» 4 a IS <--L*-a Jj o ^ dJ 
Lt - L a Jv ^j>*jj>. Ls . CjLjJ)^S_lL1 jj-a «Lc^_aj?e-a ^j La i ■■j" 1 

(jLCLI (jj-^j O^^' <J2"^J J>^' Lr^ O^- 5 '-^ 
. t Ol (_9 Jj*U": , ,.l La pj»i_uLj 
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cj Li jij£LuiiI j .(_p3jJi! (j^-Jj *— > ^ jL)^-^ '_9 L)"s itl (j^-J L»SI-S 3-oL«JI lLijjjj 

(jl (j-Aj i4-2_l2->JI ^jl-r!" La IjjLJj . jj_2~Jlj r-LcjjVI 4jjjIij (jJ)VI (_^Lc f-Sj 
tjl m'lVI ^JLj j! *Js^aJlj 3.'al\ ^ a Jj jJaa. olJx."i hhI «Lp~Vl aJJt 2-lJLc 

Lj^pS-jJI ( _ ;r l^. (_gjlbej a LtlaJ I (J£j i Ljj^SLJLi 5TJJ o«L«jiIj ojl1>.j oLaj aj » i~ij 

3-Jj_<I/VI (j-flj • I 1 S « a jl (j-gJaJl OjJU>. sLLa (jLS La VI I j 1j"'^J"^J £ ^~"-" 

j_u^j jL^ .>££■ Lg-^Lcl cjLijj£LlL! jj-o Sj-^jj j>I jlcI sl^Jlj jLJJIj 3_]j_UIj 
Ijl^. Lo (3_Usj_«-U LpSLJI) (_P=>II u ■ ; i n't (jjJI LpSLJI L$lslj i*-aLi L#io 

.^Ij-aVl L^lS j uu M (jjll (j^LaVl fJSi J-iLaJLi 
^J-t-a^oIIj fOJ «L"_jJL>. Ly^3 • *— ) L) JL>^Tr^ tlA- 5 ^j ■ ■^*" ij ^ujjljj (*Luj AJtlaj Lu 1 
dj-sl JlJSj . Lto^tj j! 3j_Li-Vl 3-jLtl (^'iiiiII J>L>. .-'^.•; VI (jLcujVI L4JI 
jj-jj Mittl oj-ill (j-3 1 ■ JaJlj <LoL«JI <Lse <^tl ( _ ;r 3 JSLa aJ-2j ^1 43jj<jU 0JL& 

cjLjjj£LlLI _jLj I ^j^-«j Luii^Li jl2Jj . 4-<JL"JI clLlLSjI ^Jj .^*tl ^a ,_£j_u_u L«i 

I JUt i"»M j .^. n" ^$ j-a\ J) m" i 1 iij iJjVI J LaAJl ( _ ;r 3 ^LcujVI Jy>-J O"^ 
-3 j 1 iij ^ " ^j La )-f- I L>J I fj-L^aAll (-J3 aJLjj (jl 7-j-i£lfl . JUu L«i_i£ p^aaJ^aJJ 
^£jL"_J1 i JJtj>tJ (jla i JL*J Lo_t£ L&j^jJ j^pajjtjj i_3^_t_u (-"Jl CjLlJ)j£LjJj ^j^* ' 
Cjj^oAjj L$~u-uljJ> (j I 1 guSa 4«LoLc d a t *-» ] I gj 0^ a I j j 1 ■■"" «L"_jjJa *_a «LtzJt (J^. 
Lo* J-I3JJ JiJ&jlX I f0-i-uu (_3jjlj Lxjv^aJ^a_uJ 1 jj_a pj-^ /^ 
(_, 1 ..j I ;_£ JJI jj* Louis Pasteur j j" uL (j-u^oJ ol J>^ o' ^ j>~^J 
(jji!l jj>.!jI (_Lta 5^jjjla cjLjjj£LlLI icujL^ (jlj LjjvjJjojjjSLlLI (ojUJ (jjjLljVI 
^ j A •"t lj j -^-":ti ^jt-Lu-ojjJs LijLi_p ^jlSj-jj**u nu i."i ill jlsj j '"-^ »_i_uLjJl 
Vj .4_Lx_i 3_jjL«_p cjLJL^c 1 1 j 1 1 ^ j * fc> 1 1 jjLSj .cjLijj£LlII ^1 (jL»j>.jj 
LxjIj i7c_jjLi!I <Lol) ^j^ (j^' >^ liJJj) ^-sLul (^ jj"u 11L t_j^Lvul (jVI LLu-»j 

»1^ T l > .1 ^j-a jj**i 1 11L1 J&[H ^Jt>- Lo*^aJ^a-uj)j£Lii I ■ / ' <3> JJ ^-#- > *J tlh* - ^^"^ J^ 3 ^"! 

«Luajjt_o 3j)Lo «L)I /^i^. u ll a "-i- x-Zu (j) ^j^i-i Cjujj£LlLI jj-* JjJ^. (jr^- ^'^4^' 
^—Juc (j^-s-iLoJl »l oUTI r-Lljtj dJJj) ^—Lcj . I ^ * ■ 1 ■■ 1 j-4^tjj jl {j a «jj 9 jjjajLUJ 

pljjVI J .^'aj I jUA--j Ltjj^J jJjLl^j jLdjI ^1 I j 1 j a j cjLj^SLlLI 4jjiIjj> 
LlUJls Sj)j^>J,l (jkj'J' (jlr 3_j£Li~j SjljJi^. cjLjjjSLlLI ojL^ Uj . L^la 3 .i I" ^sJ, I 

i _ jr 5 ^#3 4«Cu_uljJ)J -ij-^ « )J)j£Lu3 /^i^. J ' ^"*- ' ^jl 4-L L q- t JI 4_iJ>.Lij1 ^ya j J_j_l La 
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UpyJgjjgjSqftJI 

^—Jl «LoLc d d ' a i j La ' ea rt (^^^j_uj)j£Lu. 1 J . 1 Jv£_fl>j f-Jjl (yJ> r*J (JJJUJL>. 
(j-a aLjljI I ^ ^j 1 1 ■■ y-itf" t u| a 3jL>.lj 5j-« CjljjijSLlLI £_ya -i j La C JJJlc «U_uljJ) 
(jl ' ' o U V 1 ^Jj w n ^3 d S i ■■* I 1 JLA Jj^3 jjjjjljJI ^J-tjj^ T uj . L*_a *_ujj>J1 «U_uljJ) 
(- i n"j) L^_La 4_lo_lI1 fiLc^_4->*JLl (jlj (jLS-« 21 jJ^9 «U_ujL^sILa CjL)jj£_jJJ (j^£ (_JI 

S-Ltio CjLjijX^lxj iLa baej V (species or strains 5J^ m II jl pjJJLi SjjLc 
I JL& 4-Lu: (jjjjl jdl uJ-ijj ' ''j 8 ' Lol . ^I^-J! jl ojJL>. jl (jjjj! jJI jjuZi I *j J i a a 

(jl j_a>-LLa> ^^jj/L^/^l j_aalj . *_>lj_JI J .^Atl ^a pjjJajll I jut (^^iLsLiJ i_aj . n'q 

d d i a ) Lo*jjj_laj1 Ay* i {j£. 4 d lj 3c rt JL>- Lo*jJ^_u j^£Lu. I (_3 <j_oljjJ1 Jjj-* 3 
jj_o ^ U--\l" v; LjLu jl j^e_J! (. iK J I Ltl£ (JjLuj (jl ijJjjjJLo Cr^3 • 3joLc 

*_« 1j_A J 1 t* » J **' ' "" ^-^J .SjjjuLLa fj\ i*" I * (*3-dJ O-ilj 4-djgifcjq t <->'^>" 

i_LJ_jL-u (jjHre_u <j-ujLijSL!l D' L*^_5 • LhA^ ^r!-"y (j^ t£"i (j' J-i^ h-Ll^-^' 
jj_a 3_3j_«_LI (jj La t-»~ i u-l La Ij-sLjj 3j)LLI CjLjjJj>. (j-o (j-U^UJ ^-V O^^-^' 

(j_o (j-i^-^JJ i_aV I (jj_<jijj_j q^_l»-jJj_ujij£LlLI liJJjiSLa jl>-I_j ijjj^j- 4_<-uljj) 

i." i i njlj . -5j-aJI i_jjj£LlU sL-JjJ) (jjs 43j-«Jvl (jj • -> I --~ i ■■_' Lo Ij-iLij CjLijj£LlLI 
3j LaJI i-jLlc. ^1 *j>->J ^!j i_ruJI->JI LjJ^ lJ J2 jLloJ 3JI i mo 5JI i nil aJJt 

i. .j i ntl I JL^Jj .(jrusJjJI ^ Sj^iio 4x^!jj) 3j>j_iU! jiLa-VI ^LtuljjJ (jVI 4j>-LiLI 

jj-a 1j-_LlLi (j j S_i-La-i dA-^^^^T^' tj' d ^j^"^''j • I J' 1 ujJ (j^It Cjlc^_u3^J\Lj 

CjL)Ij_lj>JI ^jJs 3j)j_iil Lj^LiJI (Jj_<j/jJLj LaJUX. Ljjv jj^u Jj£LlL I (jj-* 3 

. 4j- mJVI icljj (_y£ ^^^i L«^ Lj^LiJI SjiJLulo 

5_JJJ_I LjJj|J_u3 LajI J> j^>J,I JlJIJJ . Lj^L>- » , '-^ - l J! 3jL>.lj 'Ljii- (j-O oj^-" 

(j <i\c (JjJiLlo ( _ ;r 3 (Ji-I JUj » . U 1 1 . c-jjjajj^lj . Sj j » i r-> Lfl>Lj)^L>- (j2 CjLij^SLlLI 
(jjvjj^-u^gjS j oil (JJ^t 1 ^j ol < a!o> 3t I j-jUjlj (jl LiJ J^j?e_) (j5Jj .(jl^-L>J1j CjLtlll 

Sjo-I^JI <LlL>JI cl>\ i 5jjJI ^LoLSLI! ,jji j^jSLII -i ■■■^'1 dili 3-lJjjl] LSLtla 
.Protista I" . n"jj-JI /<u-ulj (J^ijv^J^lJI I j flj «j (^H^'j 
I ' o gj (y^Ji Cj Lj jj \ j o I ) 4_u_u_ujJl JsaLaj 2l ' aJLctaJ (jl LlA iSjJJ '^ (j-^J 
(jl SLjJLjj S-j II LLjj-^J^Lill (j^. j^>-l 3j^ J j Laj Lutj .4_JLlII ^Jj ,^,Atl ^^ 
(jl (_^l 4(Jj_o^jjj_laJ1 (JJ-dJ LiS 4_ij^iaj 4_uj_Al ^ Cju1j_j_>J1j CjLjLujI -*v i ■•^" 
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. 4_jjLal« aI i n^l ^js )u^j] 4_l>J1 CjLLiISJJ j^lalJI <Xlm /j£ d 'J ^"' '""'Qj '"»-*, I 
(jLxjuVI <_2jjlj Coxj SjLcLiILo aI i ii^i ( _ ;r 3 (_^3 L$£^L"i.l JU)j (jjJ-JI pljj 2I Lai 

,jiJj 2 ; ,-^^Vl ^J I flXa (jjj^jUJI j^JI t-jj2f }lla jLSjVI (jl 3_Ltj J^V 

3_cj_aj*_o 4juj 2I ijj^j j<sj ii_!^lSLiI L^HjjLio (j^^iol Lg-Lu Laj3 t_!jL2Hj L^Hj^Ij 

JJsl j j'*» cjl_ijj£LuiiI 3 M 11 itL aj ■ ..""tl Lai .. IjSL&j f \l A.v.tl j ^£, 3_L^iiio 

CjL_u^j-Lillj i Jl stlaJl (jj (JLtll ^Jjj 1 11 /jyi^. U-5^ tj' (lA-^J 'J^i-^- 5 '^- 1 ^- :> » J 

* *J J Cr-^ sbl mi" (_^JI CjLuLCJLs ^ilLa Ljj'i'C jtl 3^-^ aJ Cr^ ^°' <>JLcLi~-o 

(jLSLoVI (j-3j .4_i_LLje_o <_a^L<-ul (j-c cjj^La" jls L$jf jjL>JI jj-o L$fJyLj/j 

tJj-j-^-i j-j-C i^-j ' ■■ aj «L_L£Jj 4 La JL>. j—Il Ljj^Jaj I j ' --^ Cjujij^LuJ -n 1 ■■ 2j 
4_j_ti_LlS (J^>- Lc j^^pal^la z L*_u z «LLjjlj Lt L*_u Cjujm^S_uJ -n 1 ■■ a I Lo LdLcj 
^-j ui-AJ (Jjl—Ljl (_3^_taj ^ Laj ui-ul 4jtj>*1jJ,l 0JL& Jjlj .(J_4-*jI 1j_& jj_« L^jSLqj 

.ajjJI mjIj-JI v^y L»j-m3- cjLjjj^LlLI 

Algae-(Alga) (4) ( **Ub 1&.) jM$ ) tJUttl 

(_p=>^tp~ I (^ (jljjL>JI ^Ir tjl 1 h'iVI Laljj ^^L^ Lj^L>JI SjijO^j cjLjLiJ a'jjt 
clIjLjJI cjLjLoillj . "»l»" r, , ,,t I ^3 4 LU ^jjj Jj^j (_^"JI c^J < *-y>^' >-i!l q ml 

( _ ;r 3 (_^3 '"'I «_"_lL ■■! I ' -ll uig I (j_a j_u£j Sjj^tjJI 1 -ll ■"■■'- VI Lai j . '^ ^- V I ^JJ 
"jLc CjLiJJI /«JLc (jl JLus (^ (Ji-JU L^iSLlj Lj^LiJI 3 JUJlc t_JLtIa 3JLlL>J! 
Scenedesmus (j^j^j-j^J'J 111 ^ .3jl>.I_jJI 3_lL>JI Cjli SjUq it! . ,tl-»Utl jj^j 
«-jLJu j_o-^l Ijutj . Chlamydomous ,jjjLijjjjjllo^LSLIIj Chlorella ^UjjjSLIIj 
i_Lj_j 3 jj| , '.1 j j 3jLj>.Ij 'LjJi" <j-° I— J-SeJaJl Q^Siljj - I j 1 a -- 1 1 oLlLI ^ I JL>. 
(__A jl) gL>.l 1 1 nil » .J aj 1 ■■" /^-Aj 0**' q J ■ ■ a tOI) CjujjS_us 0j "-^ 3^tj L^J^ls 
Lj^L_>JIj ((j^-3^-A) (j^-^1^ * '"' cT^-J^J'j «uaL_u^j ((j^-^^J^^^J I «Uuj 4SjL»ILa 

«:jj>. 4j_52bej mJJ-II (J^jij^lSLII) jj i<-it-jII (jJI j i^i-wal Q5UI -i_>«i3 » I j 1 <-i ■■>■ 
3_j_Li> J^ J i mi* ojutj) Chloroplast i~i mi^Lijijj K tl ^ ^ mj 3_j_LiJ| ( j_ a 
3_LiitiI jIoj>-j M*-" i^jLuLSLII ^ U£ 3l^j tiJLLaj .(Lj^S (jjLJj^jj^LSLII 

»j ■ V» 1 1 ^^Jl r-Lljso i"«l ~l .itK-^lj Laa^JI i_JLaJaJlj . j^jjjlj 1 nil (j^ i—iJGj 

I J 'C itij tl mi i II j j S, 1 nil ^1 (j^jj£LII j j 1 n^l (_j-iLi (Jjniej 4~JoL-u^jj ij^ii! 

Jjj 1 11 (^ sLjJI r-Llrso La J^J iJa^ ^rj ,'^.tl ? | jJiJI aJL^'m n" V (^-Aj .j3l£J2 
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i_2j_*_]j .^j^L-t—ll ^j^ • 'j Ut$— U N II JLj ui-SI i -_ jLjj ^j Lca-II ^_A 3—4— i-JI 

CjLulijjjj^^li. p mS ^ »lj LtajJI ' .ll-»Utl «_23j autotrophs SjJJilll 4jj!i 
t^l I^'-vLjJ IjJiJ photo-autotrophs Smj.'^II 4j j_il!l CjLuI i ^jj 4j JJuJI 
CjLoKJI (_>^flj w ^~ w 4 a rlererotrophs Sjjjlll sLuLUa CjLoLCJI La! . ,-j.v.tl 

A A^ \1 11 ^Jj . ,-. All ^^^ Cji j i n**m £j_& (L^JU-uiJ 

t_jJLaJa 1 < 1 1 ' * j)j ■ V» •i*. V I Lgj^j i_!jjlij 4J3jjJI jj-o 4j*-<^a <lAg. L^JLo j_uSL!I 
jjj_L£ I jj'a i." 1 1 11 j 1 4J3jj_U » Ij 1 a -- 1 1 i_JLaJaJlj-((j^iII «Lji> (_£jj>.ij Sj-c^e-o 

d <LL> ^Jj-4-1 JL9j 4 uj"iN ill ^j^** ' > 4 5-UaJI I ^"i*^N * ' LTSP-^^ri- 1 Jj^rr^ ' (*^ Ly-^3 

.» .ll -»- Ullj Lj^_uS_J1 tj\j d JJJ 

(protozoa-protozoon ^J j^d§^d LAd jM$ ) Ij j^jjaJl 

L$-3j_«_j jjH-II L^- ^' W w < * " J-^'j iLj^LJJI 3jlo~j CjLJl^-p. aJJt 
-ds\^efj£uX\ JLa£.i L$j| aJsljJIj . 4jJjuJI 4_bLiILa I jljjJ jlj-^l I J i«L<-ujJlll JLlo^Ij 
cLajLLa ^—11 )tj>*j-j t. i 1 1 nil (Jjljj) (^.^^J^JJJI^^J-Li aLiH-Alj i _La_>tj 21 La j-o2j 

Lt-aL>. LSJLa L$J^ 1 1 n "r-i- Ijij^jjij^Jl »l <i\r fo-Aj-^jl^jj^JI ^1 tair ^j.* d . *-» 1 <-» -»-" rt 

.3JiljjJlj 4jJLilII Cj^tj ( _ ;r 3 SjLjLoJI d ij^"* 'jt3j-^J>^' 0' ^IjJ'j •(< (0-^J 
Ijua.lj-J'C uJI ^jJLo Jjm^-i (j'^rP- jjtj-paramecium Ajjinjalj^JI q\£ Lajjj 
Antonie Van nJjj^_Li_J (jLa jj La j! I 3 La a. V i_y-^^ (j-'j^' t - 'WiJ^r!^' <J-° 
LjLlj-"^l La' j ui^: »_il mil oj-i" c^ '— '^_i>^!^' ' '" "'"^ " Leeuwenhoek 
3ijLai,l i-4-aX 3_lj1 (j^/ L^LLajtl I jl'a-i <lj ->" /1 ^jLUajj L)jUJ^J>^ (j^j-Astasia 

(Jjj-j w 3 " a t*- 1 Cy*3 . Cj Luj/^Lijj^li dJLtLa-iEuglena I_Lj_L>.^jJI (_^-Aj Lu^_2j 

IjiJ^jj-ajI t. 1 1 1 n" j . (jl^j-rJIj CjljJjI (^u ^1 lj)j^j^j-Jlj t Jl stlajl (^u 5^j?E_aJl 

Laj-uG Cj^-9 t tjLt_uj2( Ij cju1^_l>JIj cjuLuJI ^Js ^jjj^Lj ^a-^j-* jl "-^j-* 
-(jjl-j^jl (jJLa .(jj^s-Vl ^LijjiLLt.1 jjjIj (j^s J^f-/oitJ L4 T ta-(jL"»JV cr^ 



SI 



.a_JLut j j.^n 

(Fungi-Fungus jbi Lb4jM£) uUjJuJI 
^jd <LaaJl_a toadstools QaJLjLiJIj mushyooms t_i!jJ>JI <_>ii£. CjLjjJ^s jl 
(Jlx-i La Ij-iLJ L^iSLJj i^IjjJI (J^. -i j La jj-\^j_>JUj Sl^JI iCjLjjJLi ^ U"i uJll 

(_gj_La_flJ! ' ■ i aj 1 1 Cil i i i ii aj (jl a c VI Lai . (j^^-^^rh 1 JL^i* ' *jj/ljiJ-I 3-iLa 
jJsj I JLj>- 3_al_& Aj_a_«JI (J^. w j'a 3j_ua->JI ^\ 4^1 i'oVLi (_gjJajJI 1 LcaJ Ij 

x—}\ i ii tl j-j_>Jl jj-o-C ^_HIjj . 4_u_>Jl 1j_o.j (j- 4 ^ L$_La !>^J-" cj' (j** 3 ( QJ ~J-^'- J 
(jlj) £j ajJI j jVU j-j-aJJ QaDI (jJajj «:lj_aj>. j<ijjIjj>. Neurospora Ijjj . "jij^u 
SjjLUaJ! jl^JVI Lol (Eurotium ^a-Ujija-JI jj» Liiaji I Jiaj^ajs 4-il Mia J a£ (j^ 
jjjJI Jj"**j . (Aspergillus) u"tj>j.""^ j^' a ^\ -}j-«3 w j'*» <*J9jjJI ^\ 
jJai (jri<"U (j^-><-II (_ji^- JJ-tJ La Ijj^J Mucorjjfia-ui j U'a d j 1 1 uj (_gjLajJI 
j_ui»JI (^ 4-ajii-" mil 3j_uijJI f l_»JI • (J^ jj<ji^tl Penicillium Ajjljiniill 
faJ-i 4-J-tC 4_]_}L*J1 «L)jHJ1 ^jt LaS CjUj-La^Jl £j a <'r~i jj_a /^-A ^J-^' 4-C LLua /^-3j 
Ci 1" i n i L^-L iT o! ^. 1 n" (LS. mi tl ^ jj ga j 3> Cj Ljj-La-iJ 1 jj-a L * a -j ' " ' J^J-*-*-^ 
jjuj w j'a iCjLjLjJLj 3gjjiV3-u.uL.ui 2 flj^aj-Cjl i'Ktl 0JL&3 1 Actinomycetes 

JjJ_lJl J-lLiLj (-liJl) (4-Ulj->Jl jjJ^SHj J i"i"( i"j L]LxJ>.i pJ-flHj (y^-ll Js34-^>JLS 

4-j-La-C jc j-^*-«3 lilljllj ijjjiaitjJI (j-a ^iiej I j IS, jj (*Ll9|jJI CjLjLuJI ^^ 
2 _^j < V» » 1 1 jljll ^1 r-Llj>o L^JI (_gl iS-Jj-illl 4_bLiILa tjJb$ w 'j LtaJl (_LlL*11I 
dll-r"U 2^j ■ V»»tl jljj^l plj-il ^-J-a^J- (_j-3 3jLc J^>-JJ u-&£ liiljJj 1JJS-1J (_^>. 

LlaJSJJ jljjlj (. 1 ui3»JI (J!La 3_ojL2JJ jljj^l ^JU» Cr^ £ * J - a ^>- *J^ L^Jj 

,)*_)L(_uj1 /Lua^JI ^—5 mjJ-u-u LaS 

» LuaHfl t 1 jl stX^JI jj-a «U-aL>* pl^ajLj L^jLo* ^—5 CjLjj-La^Jl ^j^* 1 ' " '"j"j 

jjsJJ! . jU", ,,." Jl^>-^l ojut (^ (j-4j Lichens (j-JuVt ^ a 1 n" 5j^j_a CjLuK 

dJJjj iLAa^tJj *hj^>JI jaJMr-itlj JjLill ^U,„t< 4jL«JJ 3_U>L9 tljLlu ^ 

Igjin'C" (jlll 4jjJ,l Lai ' .tl-»Utl L^J xSLCo (jll! 4jj! JJ! 4jjJ(lJ! (^JL. bLal£.l 

.iLUa^Lc 5JLjia (j-^5 ^£jl uA\ aJJt (j-a-ijj_a ijJLijt O-iLS (jl-i_JLaJaJI 
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(Bacteria-bacterium ^^djiid UU<tjM§) Ujmm&mJI 
L^_uSLJIj . Germs 3_j jl<12I]I ,a-ulj->JI 3 <iK <j-o V ju 3_«_oL>. 3 j o , <~\ a'jjt 

aj_lJI LcS (jlj i(_p=>lj_a}L! <Uj-uiXI CjLjj|j£LlII (j-a i A uiTol La Jjl OuL£ JLSj 
-Ljj^SLJIj . I i eaj I IjjjjjjJIj CjL^ijj-LaJlj i"»Ijj UAtt ,j^_i ^^oj^JL! LjLujiI /«Jjlj 

.j_*L>J.I (JIj^Lj VI 3^txblj L^jjJj jt_uj V Ijl>. 3JLiaJI (j^j jLj-SjLtJI ^ 
I ^ r Ij-il (j-o <— ^jlj-*-^' O^ D'J 'j J ; ' >J-> > <j-Jj 4^jI mXa Lt-Lgjv jJljj (j-^J 
w ua-«JI : 3 j i im \; JLSLJ/I 3J}L5 oJLL&j .a_i_JJ_U l^VVL. julj L^VM^j 
.-.L.^.tl (jAjljj (Vibrios) CjLjjI^JIj (Cocci) CjIj£L!Ij (Bacilli Cj^Lu-uLJI) 
jjljj (jl!! Spirilla i2jL<_Jj1!I t^-fcj Ijjlc J^f JLSLil dJULtj JSLJJI 3jU_.-^ 
jjl£J2 Lojj£.j . Spirochaetes 3^-j^ila J^-p tr^' CjLLi^j^jj mil j'\ Si_3j^e£ 

JLJSj .<j-OJjl ^1 ■ La ui a L#] («^>- w '--'"I i_Lp (jl Jjlj 4_lL>JI ^La Ljj-uSLJI 

.(J_i_U^L<_u jl CjL*J5_>»J *L-IJ_A (jLc ^-S-u^ (JLua^ lit I J^C SjLjJ^jl L]^L>JI JJ5EJLJ 

aLaI J o i a ) J li ) * c J-^J i f Q -^'J— : ** T?-*-'- 1 ■ ^ ' *~* * ' J i_iljL^La Lj^A ill ^j^** 'J 

(j-c i_3jijj(_LI (jLs (jlj tj miv r-ljjJj Ljj_jSLAI jjjljJj .i_aLi>JI jl 3jlj_>JI 

3j-^j?E_a 4j^_Ua£. ^l^-a (-l^. JLalLtJ L^jI ^1 4_]jJujl jjjLiILa LjjIiSLJI t. t If Ij 

Lai *r i f-> T udLla (jL liUi s I" . .njj-jJI jj-v I La ■ uj lj^j-° J-^- : * ,J cr^J * ^ " * 
Lj_pSLJI ^j^*/ a •l£>**^'' ^j i ".i''j-^^ ^jLcj-<t><II » - 1 1 f I (^1 (^^jj-ij Ljj_uSLJI (j-a 

j^>.VI (_pa-«-j llj . Lfjli l? j -*-" D' O^-^J ^jj-^' >lj-UajJI i_JUtiaJI d i m" 
^t_i 4_loj>* «LSjj_Laj r-jjGj 3-^J 4-L^ajlj ^-^ ^—5 Obi U All « 4_u_tlu Lj^**iS ill ^ya 
jji_lj>.jJj_ujij£LlI.I ,j^ j_u^ Lgj-jjj ^pJI Actimomycetes dil'j i.nLaj-Li^VI 
j ^Laj V Cxjjaj 3Jl_UaJI iJLi Lojcj>. Ljj_uSLJI (_>^a-»J ^-LpJ • ^i>f^>-^' jljLC ^^ 
L^_uSLJI ,ji-J Mycoplasmas Loj^LijSLjUI j-2jj 3_ujjiaJI j_aL>J,l ^j^l o>J 
i L^J (JSLi V «Laj^j aJ^LijjjijjJI (j-° ' axl (j^J (Ltjii ^Iji .ij) Cj Lj/jj-ii! I J 
. LJL^>.I 4_i_flji>JI Lj^IiSLJI LtJLitlJ (jJ-II -Li— 3j^>. (_p_o 4_Ljjla (JK i"iI L^Jj 
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ljjjjjij_JI *_a iLja-jJj^u 4Js^Lc ^1 j j i"i_i La j-4j isterols Cjx^j C\ i u (_j-«-< 



3jiijii-«. Lj>»SLi Bdello Vibrios jj^a^JJjjLi ijj£j jl J^IL>J,! <j-aj . CjLJl^-pJIj 

jj-a a3- , I jj-* L^J^Ja «_ l_j_] «U_lj_u3 CjLiIj.} /j-$£ tjJt-us] \$i-r^ Cj^-3 

. <LoL«JI Ljj_uSLJI (j-o I jj'a Lo (_^i^. 4liLaHo ^J-*-" cr^ <_)"'■!*" Cr^3 'Ciii^^ 1 ' 

Rickettsiae I j i . "i^jjJI jjjjuj •i£>*'' ^ihf^' c^ r ^ j**j3-' <J' (jl m'tVI » j^"" "_'J 

Cjuq i n-w (^-Aj . (CjL_uJ)j-L(iJl jj-a L$jt Loaj (2>k "^jj L^-Li S - i Jl p l^j 1 jJLt-a 1 
^ys\j^a2] ^j^ • > <■ ( i i n"j i^jJj^Lul jj-* '2 j 3c 1 I & 3 la 9 f-Lu 3j_) JLj_*_u_a 

(Viruses) tiU§ j^l 

(2j\j L^JjIa 7-jIjHjj -3j-« 100 - 10 3^tij LjjUSLJ! jj-a j i uqI cjLuLCJ! ojla 
u-il i i.iL$ 3j_Li~^/l (j^JjjJI (^a <LaL& i.'itji^I jlsj . (jjj£LJ,l (j-o 02 , 0-j 2 

(_j-3 tjl i ii iVI /a-SL^o JLJSj .(^LjJI J .^.Atl ^£ ^jjjui Lo (_ps!j-o5U d i h_mj 
j_jC I^U.n ^^3 O-JljLa CjL-uj|j_Lii!! (jSLIj 'r\W^' ^JJtP^^ (_p=>lj-a2! i.^ilf I 
Ljj-uS_J1 jJLt-atj CjL_uj)j»jjiJ1 (_2^u ^J-t-aLoJl JL>J1j ^jl i u i V 1 3jJa_u_uJ 4_*_uaL>. 

J-uS (^C gU^ (lllfl CjL_UJ^)-L(ij1 JJLJJ . TC-USlj J-;^ Li I ll"(Sjjlj ^jj-^9aJjJU (JlLa 

Ljj— LiSLJl (oJsV jj* L^>L>. I n i ill q^j^-^J^u^SLlLI (Jlla' ^j ' I ,- ^_'^ b^"\ jtl 
. LjjJ1£LjJ! ,_p3lj_al ,j^. JjM.it.1 (jjjj-LaJI t;r L. bacteriophage(rL35Jj£LJI) 
(Jj_j_«_LI Ljj j "i K j II (O^V jj n nij Lj^ "i S. i 1 1 CjLjj/Jj_^3 (j_a i i ■■ a dJI—Ltj 
(^Lc jljjlal (jjj <_AtH^ *^' i^J • 'temperate phage . (J jCUl! r-Lajjj-uSLJI) 
.(_^jJjl!I j j laJ La Jl^j>JI (j^ CjJLkj ij^>- =lljLc 

JLlLI Jjj i ii (_^-l^. L^J (jjijJj . 4_pJI cjLuLCII 3iL>. (_^Lc cjL^jij_LaJI ^-2jj 

j^Lj i." i i~~ jl Q^-ij^LII Cjl_jSj_a j»J-^J jl (j ii ri i" z (_j-^ L^-i (_^aLi. (_>i ; jl 
J^9_L>JJ ^y^-i\ (3j-*-J L- 4 - 1 ^ J - -'^ i J-A jj-a 1 m mi ^J-a-tJ jl ^j^j^SJI J_u_u£t 
Cj^_4J LaJ—Lcj '" ' "JIJ J ^ j-o^jSI ^J^- (^jljtj fLu i ii j—5 «UJJLJ ^JUl 

(jLa Jirelij 4jlir-.ll LMiJI oj^3 La ji^. LlLJI djUSLCIl SJLa. ^ jl L^iSLc 
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jl iii"n (j_a ^^j-J tj' (l^- 4 - 1 ^ ' 3 *" Cj L_uj^_L(iJ 1 Cji aj i n~*. jj-o SjUJLC CjLua 
LaJ_i£. 4jjLjJI 4jjLajSL!l CjLS<jJ_>JI i*I1 i na dJ 1 i nj CjL^i^j-LaJI ^j a « J J .^jJLkJI 

cjLjJI cjLj/jj_j£ (_>^*j (jl aJsljJIj .cjj^j V cj L^/ jj_iAl La .JSLaJI (_g-*-*^ * 

Sjj I j" a 3j)La CjJL>.I I j)l Oulj .j_Cl>JU ( _ ;r 3 L^jlj-o-lj L^jj^Lij L*j_Ojj (<u JL3 
CjLlo^ (jt^? C"^l '"'*'^" ' "1 («J ^ j'" 1 Jj^^ J^W L"La CjJJLcIj =L>-L>.jJI (j-a 

a! 3_l^- i^jIjj I j tl dJLLl jjij J43 (jjLSLI! (jj^xc J-*j ^Ij^LJ! dUl £y> 415La 
(Ji_<j/j! j_U gl^j " ! i d£ (Jlj i .ill I jut ^Ir 3j_JuL^a 4jL>-I JUj-jj V lj>l_9 S ilLuj 

La_i3 LaLaj 4_o* Cj L_u Jij-LdJ I » i**<* '< i tifl (j^-J Lai . 4_lLc (J^ojSj 4JlUI d A , ,.\l aj 
.t_jLjSLII IjUfc ( _ ;r 3 CjLijj£LlLL^ L&Jtii nj (_gj uu] I (jjiisJI (j^Lc L&^jLi J ■ ajj 

Subviral particles: -yUj^il I ^§i ylfMA 
ol nj i n-v j^c jjjL2j i ~ 'j j to (1967 aLc (JjIjI ^^-s) t_iLjSL!l I jut j>I JlcI jux. 

t. < i i n" (-r-Aj i I— L £>-^-J ^U^-il 'I' a ^j^* " ' ^-*- L$JJ CjL_uj^_L(iJl (j_a Laj^j>. (jLal 



(_gjj I -scrapie u i^J^ m <_p=>j_aj . (jlj_j_>Jlj (jl in 'iVI ^ J^LxjVI ^palj-al 
L^Jj .Cil a j i ii ->JI OJU& (_p_a 4-j-j-i hj-aI_Lc21 ^^ /j j-ca « 1 1 jL^>JI i . u-i-aJ 
JUu (j-uaLc SjLa fiLa-ul (r^Lc SjJUzJlj (JLlulII 4_ajLa_a L$_La d i ii iti JLa (j^a-ilj ea3> 
,^3 «L$jLJ^a CjLa_u_oJ>- t. m i n" (jl (j£La-lJ . (_£^JiJ1 j-^JaJLl (j-U Laj jjiD (_p=>jjLUl 

,_p3lj_al <j-a Luaj-aj dissiminated sclerosis j uilUI < .l.v.tl <_p=j_a (jl m'tVI 
dll njin->JI oJUfc (^1 SjLi/VI (^jjj/ lLLUj Vj ikuru J|jj$ ^ n i nj 3jL>JI (jJaLUI 

. Jjl^ ju>- I j <<* i_ajjjtil (jl Ci^ Lla 

CjLlSlSLl 4Jajjj-a «LaaJI (_j-Lc L^jjJ^ CjLlJj£LuiiI 5_aL^JI (_^ajL^lJjl (j-aj 
i.ll 3e_LaJ I (j_a 4_iij_a CjLljLi (_^-Aj (_Li2 (jjs (jjl/^ll LlS^Li^ JU3j .(_£jj>.| 

(_5 (_pl_JJU (tJ-Ii LJJ-uSLJI 4_U5_At (j_u^3l_>JI (J-L^aAJI j—5 L_3jJt_u_uJ '" ^J Atlj 

g< J i i i 1 1 Ljj j j N ill (j_a cLaL>. CjLC^-aj^J, lLL! jli ^ysjjCuLi-u^ .(jl^j_>JI ^L»_al 
(j^J>*^)_ILj >■"< L-LJ Jo-g-fl JU1JUX.J iCjLjLtJjl JJJL>- (_5 (__pl_L»J (Jill (j-^>*J)j^-tJj 

CjLLsLxjjI lLILlA (jl (Jj .(_j_uL_ul (_jljLC j ' * ** 1 CjLiJjI -5^J dJJjuj i3->Jl 
i 1 J)j^_j Jj-_u I aj^Lj^jjij— ] (j_a ^L_al_S_j_a i«.j-^>- (JQ SLj JUS Ljj-j_lS_lJ Lfi (3-JJ' 
. Ljj j "IN 1 1 1 (_5 4jIj^jI jl ^3> (j-a i*j^>- 7c * ' qj JL9 SjLUaJI j-;tc Cj L_u^j-LflJ I j 
Lajl 3jj_LajJJ LujuI CjLuISJI CjuLt-a (j_a ij-j-ij (jl jj i all ) (jl LJjjJLfl_a (-^J 
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(jluulllg OLigjS.i.nJI 

<■"<-»- i i ( ii Lii *.jjU" i ^y a SjX-lo ^J^-lj^j ^ya L#J 0-La_ujl CjL)j)j£Lu3 (j_« CjLjIuJ 

jJLc ljL>- aL_A Cjljjj-SLjJLI -n j ui-flj (_3 (j-\_^^ j_u j^£Lu 1 * i^l i nt (jl 

(jj-i Cji_jj)j_S_jJj ^j^J-S %-Asu-lmj z (ju^ij VI (jl ^_A 7c_ualj t. 1 1 1 ill ^j ^> ' a agli 1 1 
JjjLsj J 1 3 ) (jt LL iL t£ £(--^ jj-a L^" 1 ^ j rt J • 4Jt£. Cj Ji^sILlJ <3JjLuj La j-i_L4J 

J_>JU ljr £ I i gj i_gJJI (j^ oj-^ 5_ol_c 4ju>-Ij_o (^ cjLi^SLusJJ pj 1 iiS'tl 

CjLjjj^LlII LjJjLij u j 1 nil dili (_L->.! (j-oj . CjLjjj^LlU Alu-aj La j_& Jj^l 
I ^'a \l , ^ j (_yill 3-JLiJI fl^j^l JJJLso (^yl^. aljj i^a LoLc VjLu jj."" L*i^ 
^L?e_l 1 JL& (_J3 <■ 1 1 i ntlj ij-jJLLo j-u_u£. /qJLc CjL]J)j£LlU aj 1 "^" (jl . Jjlj l-4_i£ 
!j 1 c L^jjjJs J-^J 1 Ljj_la_! ^ j~^J (j-o Cj Li jj S, j n II 3-aLgJI (j^aSI L*a->JI JL>.| 

(jlJJl J Si I II -}j^>-J (_^-3 J_«_(JI * J '-**"' ' "_' ^ LlJJ^r!- ^JJ^- ' l_£J_l I ji^ . I—OjSJlII 

,j_a (j\-j}U,l 0-° l -S* T 2 » . v. j jj.a 5_cjj_o ox.jj j«j ^Lila Lactose (j n 1 11 U 
JLJS <— cJj flXJ I (_, I r 5J^ 1 11 tl ajjt (j-o ' k!l 4jLa J£ ,j-a IjLs^lj (jLa 4l!^L<-u 

cj L> jj_SLj_U ojut 5J)M— <-u J k" 1 "j . jjH£>Ul aI jl?-" i J (^rLc SjjJill i.n h'i'Cj 

dJLjjJ (jl j-A j-i-l VLlLo ^j'— j'^'lj . jjj£>Ul a! JLa-"i ill (jyl^- Sj^La 3j_iil)kl 
lLLjI ^13 . l_A^_4-i *_i_4-s (jl (j\ \ 1 11 ii 11 jj-a jJ-il (j^i-4-s *— J ' -J ^>^Tr^' 0"° 4^.^-<5j5E_a 
L t - L <jj > . l_A^_4-i *-<-* (j-^- J^*-^ ^ ^ 1 1 11 nil jj-* 4-L-uIa «Lcjj>. "ic^jj^J, 1 '"'j'^^ 1 

( _ ;r Lc SjjLa L^<J)M-<-u •*■ j 1 ^"j ijjl£J2 'LpJI cjLijij£LlLI l j H a ^JLlLoJI 4aSjJl (jLa 

4_lUjl!I (jLcujVI jji jjj . L^^Ljj/L) O-ljj^ lil (j^l ' " ' itl (j-a j-j£! jJ^S SjsjLio 
Ja ■ '"■ 1 ■■ ) ^jt pi LaH 1 ■■ * 5j-_a ^J^ ^-^ {j\ \ 1 u u 11 j-j£^j 3_iLjj *_a ^>-* ^-J ^>-* 
^li lj_ji. Ij . «lj jjl 1 JJt SjsjLLo (.^^ 4-ajLa 3j Jl^ L^J CjLjjj£LlLI (j-o CjV^Ljji 
4^j-flILa Sjlj-ia 1"* Lj ' *<- £jja 4_JjSLa Ljj-uS-j L)JL>. t-tilJL) (JLla /Lu t n ^ji^-Lut 
(j-o 'LLlaJl Jj-><-l (j^) W ^yifiJLl ^S-Lill I." 1 1 njt LjJSj 4_«j)M-o 'lajU (^ LtLi£.jjj 
Lj^'i'C jll (JK i"il (jLa (Sj j La a S^Lo (j^j Jjiill J^Lj Ltjjjj jl ^LiLo ajj i niiU 
^JL_lj jl Cji_j_>JIS 4j^IlL« MJj^Ja i_Ls^_o^ 3j^_t-a ^—5 jJLu JL^ !il Lal_4-i j-jjuj 
i_a^j_uj ijjjtjj ^jLi_jSjl I g-uS>j ^jl ^1 4_u_Jl tJ^iJ J^ L^jI ^Jj 4-ljj-C CjU^IIj 
4_jLi£^ 4 \~i 02I aJ-it ^j^S (jl i'l i'iVj . LoLx-i <LaJj3&ja CjLjjj£Llo L^JI£j J^-p 

LoxLaj I j""^ j I * rt « i^l 1 11 2 L*_u CjLiJ)j£LlL1 ^a_il_t-aj>. j-J-iu 4_LO_p ^-r^ «u 21 JJj 

3 K ui U (jl C^jjsij ljL>. 5^jLs J^elll (jlc oLijj£LlI.I ojjl (jl . LtjJL^al 
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5wj ' <a 1 1 j^jj^jJl £j_A /^J-C p-Lo-ml Jj^LLsl -^J^ 1 *-* V ' I d> 

L^jU-lu ' .* t cj L-jj^ ^ ill (^jLi_jSLI1 fj-£-11 (jL^ ^t'jj »*ulSLuJ *_j_$j?e_] 

, c, \ A ,!^-i -t^-^jl La> J^t-j yi^. 4jjLiiJ1 CjLj1^_j_>J1 fQ_u_a2j- I JLtXl <d_jj>.lj £ya 

(jl (j-SL^-ij 4 cj Lj 1 j_j_>J 1 < j ul2j ^-Js ^g jLj12jJ I t— ij-L<-u 2i j-j-c l^j^^' t— <_JL_ul 

«L»_u3ljJ1 C_<_JL_uV1 (j-aj .fiLuaL^ CjVL?e_« fjy ^ l-^>" 4jlj3Ljc_<_jJL_uV1 £JLA tJJ^J 
«L*_3l_(j1 CjI Q-J UiJLj Jl Q-&$ - J-llj-11 (J_LiJLj X-TL^IlJ 4-J-ll-O ^ * LJ \j^>- J (JJ-SLdJI 

aj_*_U1 3_L£l j_>j dUj ^ Ir j i4_u1 JjlJI L^jI jLc J»" inj aj-ui-5j C^l_jl3 : tJtiI 

i LjjL^_) jJ>- ilj L_lL»-I (_>^a-«-jJl JaLfuJ JL5e_t^ L^JoLfuJ 3jJI^ jl nf VI tjr 5 <-^Lj 
jl SjijLJI Jjj-anJI ^Lul-oLu 3JL>. ^-ilaL^ JliiJ ^yoll CjLjI^pJI dJLlAj 
/_jj Cj Lj l^_j_>J I ^q_u_4i2j (J_<j_4aiJ La ^jj>-VI 4jjjQII CjLi_u_o2IJI ^j-«J .4J3i_>JI 
Ol ^j ' ilSojI £JL^jj . <^_jji_A jl cLtflo-jILaj ifiLajJl jl <= Ljj-JJ t 4-u-jAIq v-iC jt 4-iU.dIa 
i>JL^Jj .^-^^jJ^-uJI jl ((fjjt-uJaj 1 b pj ■ iiaxjI LaL^-i (Jj^L^tlij (j-Aj LAulj-a ut-m>- 
i3jL«jl ^—b 4jjjlj 4-l^-AI «LoljlI1 Ll>-jJ^_uj1 j_3 «4jt-uiaj| viCB Cj Li_u_a2lU 1 
dJJ jij d u frVI jj-o j-j-jI J i - i -^ J ^-*^ l- L-JLc Lj^jJ^-ujj^LlII ^J3 L^JSLjj 
d ^Us 1 Vl j-jUju (-_3j_coJj .i>jS]i (^jL-oJI ^g JLiLfljj I fv ' oaIjI ALkaj ■ *^ j j ua^J lj-laj 
-^ ->" /^ 1 J_lJJ > . L^-LgajU c^se-U-ujj 1 Lic^jJo^J, 4-uauJU 4-L»A| ^ItSVl £JUfc 
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25 d-t-iuj ^ric (^^Hjej d1j_A jj-aAJIij ^jl c-t^t-JJ 4jj_la 4jxj_} 40 -35 _}jJLn. £_£ 

dc^ u^j-^ 11 ju-^I ^Lij o-* 4jUI <ya .03 j j^^^ o-* *jUI e^> 

(J_4^tli-J (jl ^jLiuJ VI jjjJLa /^J . Jjj-ijJl (j-o jJL^-jILq 760 j se i f-J-JJ ' ^ * '""" 
CjIj-jjuJJ L*_u LuLSJj (J JjClj /y^3 t (j-aAilJl «Lcj-i_uj 3jlj->J1 p j fcs *"\ j 1 ^'^ 
«L>.jj ^3 jjLiSLajj jj-CLilSLJI ** ^J J J U nj nJI 3-g.j i ii 3 . 3J9Jlj (jLLiISLJI 4-aJaxi 

aIiJI ^ <2jLa}lli.V! aLo! 'v^' UjI i^jLujGJI jl *JaljJlj . ajJI 5j^jju>- 
ajJI olji Lot .4_HjLa 4^ju 3_lLs.IjJ! * m-»JI oLlu ^ /aSL*lILi 3 j-^ajVl 

La_i£ (j-4j iSjIj^JI <— S^toi-I (J-4J>o (_j-l^ J-^' ">J^ Uji^ D'^tP^' (j-° Aj^' 
( _ ;r ^ j_&J>J_jj J-J ^j-a^e-13 w j a CjLjLuJI Laij Ul , , '.-, iVI SjUJ-Ju lilt!} I JLC 

1 1 aj I r'Loo LjJSJj .i_aLL>JI Sjujuii _ji 4-UajsL->JI jl 4_>JLU 5jjHJI (_Lv*jj 

CiLjl j I II i."i <i I «~ JiJSj x-taJ ^^ 3_IjG_«_LI 3jIj_>JIj - j LaaJ I J ^I^J! ^\ 

. 4-jjv j L>J I CjIj_l*jJI j-a L*Lj^L>. ( _ ;r *j>o ^^ 4^JU iLuiaLJI 
^_3 4_j_La_j_>Jl CjLjj-LanJI j^«' ji *" j . 4_uLa-L$_$_Lut_a ^—a-Cju^j^LLLIj 
IjJjjjjjJIj LjjjSLJI *-£&>. jSUj i(Jlaim j^iJl^ 4JajJI ->-jU . ..tl (jlcij «.1^^J1 
«Lj_i_i (^1 r-Llj>o-Li>. Lj^>L>JI Sjiojvj . I" i n"jj-jJI j CjLvujij-LflJIj i_JUtiaJ!j 
j_a 4jj-^j*_a 4-2-Ja Jlj^?E_a 4_uLL1 4 n ill j-o I J ilg I ^--flSj JL^J . I J^ a ^3_u 4-JJi-a 
i3_i_o^La S^La ^ I r jl 3_jj_lJI ^yfl jl jijJI ^\c jl Sj^cji/ 5^jj ^Ir «UI 
Cjj^j (jl j»j-Jj (<sJ (jlj • «LLI 7TJ^>- IiJLjT jjs-LII » jt->~ i ■■" V «Laji>J! ( _ ;r 3 Lj-iSjj 
(—Aj i j«_lj1j-j>. ??-j-lj j ^* Jt Q Ljj-uSLJI j-a j-uS-3 . L#^ur>. JU£. Sjjj-tiaJu 
jjj^sE_a 2 r- (j-^ i i nil '"*'j m£ L_aLa_>J1 aLgI a j o ■ a 1 1 * .J iaj i ■■" 4-ajLo-a &Luo.i 
'.'T-** 1 r>==J o' peter Sneath 6jIm jILu jjj^jJI c.1U*. ,„t ji^j . ^ ;,„ «_Uaj 

JU>.j J_o3 . Kew 3-j-j /^-S 4ia^_ajt_aj d U j « , ^ rt 4-4-JJL9 CjLjLtJj d S ■ au 1 rt 
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Lp 9J9JJ9 j^UaJ I 

«L_j_j>.L_LJl (j— * ■ 1 ^ * rt UL9-* 3 ' [*• * c Cj^j j-j-3 JU>.j JLJSj . (dJLl!i (J-^-3 (j " J J 

,j_o aLc 3000 jjlj 3j_o Jj^ 1923 2 i . .. Ijr £ cLalii j<u Loj-i^. <Ljj>-^Jjj^jSLJI 

OuL£ (jlj JLlVl (^JJ O^tH" ^ b^/i'Vjtl f&JjIj-*- O^ J ^ ^^ Cr^-J • ^^^1 

i_aLi>JI Jjiitjj L^J&Jj 1 L$J jajjljj>. ^La cjL-uju-loJI La I . Sjujic (j^-u-u Lpo 

*Lj-3 '*■ aa. (_£JJI (JjI 1 nil ' t- 1 "j II (^ (j-UjijJI ,j-a Jj'i'o jJLS <jJLL& (jL£ lil 

L^JLa ■"«! ■■■j l j j 111 ir.ii-v lilj .(}Llo (jjLLjJI iljj ^ UjIj iiJ^ej L«£) 

CjL_uJj-loJ| /^Lc (_3jjLUI (JjL-uJ ^jl ' a_uj|XI (j-*J * f«J-*-! i_4_i^ JU2l ^—11 _ 5 ■" 

iljLjjLjIo I fl I a a» c^-a-j» l!il ^_uljj>. ^-ij 2r c^ u^ j"i\ ill >. Mr 1 Cjj_4-sj 
:4J^>. (^J^J-Jl (j~* s-iy 1"" J^>-J liil «Qji_4j>. (2>SL4-i L^_La Ltjaju (jLJ3 dJJ!i f-*J 
L^JLJu Jj^LlLIj) (JjJ-l^j (jjJbiJI i_aL>JI JaLJJJ ( _ ;r 3 Lj_jJjSLoJI (_>^*J (j"'J*" J-S^ 

SjjLAJI SjjLiajJI v^jIj^VI ji^l (j-o jjtj i_aLoj>JI ^ 3jl»~VI (j^j^U.1 jLi 

. (tiJliJI J^AJI 

j^_uljj>* ^-ij Lq-L cv jj^jtjlj Lj^**iS ill » ' < aj . <3_aL*J1 L^jLflJ-a fQ-Al (J-* <— £j)jjilj1 
Lj^'i'C 1 II ^j^- « J (_£jJ Lo J-J-aj ii_2l_fl_>JI 4^*_uj (JjjiSLII SJL>. ^^ (Ji-jGj 
/ " *y , ^.jj -w T I . g , ,," 1 j , , I, i «LajL2_a aL-ojxI r'Lul /^Lc SjJiJLJI ^ya ljij^jjj-jjlj 
(J^jJlJ CjLjjj^LlLI (jlr J>i-«JI (jLSLaVI ^^ (j? Jj^/I J'^^H (^ I ".I^^V jLSj 
(j^s jajjljjs. iLaji»JI ( _ ;r 3 LjjjJu L^J^J . ( _ ;r a-jL>JI J-><JI i_3)M-C ( _ ;r 3 (JL>-ol 3jLC 
SJ^jL^ Lj>«SLi l^jtaj idadosporium,Alternaria LjjLJpJlj ,^j^jj ; • "J 'N ^ J "^ 
. LujJI j-><JI SiJa ,j-o «I>^-II Lajijju Micrococcus ,jjjL^j£^SLlo 3x.jJija_o ^ 

,j_a (jLS (jlj i lj^>- 5Jj_«^e_a ^^J jjLSLjj CjLjjj£LlI.I (jl Jji1>J, I ,j-o jjjijJj 
L$J t_i_Ioj_II jl 1 i tl (j-o dil gj 1 n-v (^r^Lc jjLSilll dl! j JlLa lijJLaj ^1 ■> j J a 1 1 

4_i_oLSLII cjLj^^SLlLIj .«I^JI ^ ^ Sl« a sLiill ^j^- Sjji^j =LujiLLo .*«! a.^ 
j i"i" i" LajLLc ^ i in^j-ll (jj-«SL!l 3JL>. ^^ O3SU ij jl uij iVI (^ Iju>- 4xLt 

(j\jjij-j-Jl * j^" • ■■_' Llaj iCjLjjj^LjII ,jjj Ij-jj^ Freezing j-L».-t."JI J'^jj 
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Jj-LaLdJ (_£aIL>»jj . LxgaJl dJJii » „*"***' ' "" «Uj^Jl (jl JJLuj i(_£jj>.i 3j-a L$HjLaj>. 
'"'^Jj t->'aj 4_p- Ljj-uSLi (_^Lc (^j-i-^J I J ^jJI a uJI i_daJLJ! (^ JLaJtiJI 4-aj! jJI 
SjIj^eJJ jj>a dJI_La Ljj_l1SLjJI (j_a j_lTlSL! 1 (jl L^JLc ,_jjLi>JI ' ■ i a c I j 
(J^-l ,j-o 3-3^Jl_a j_uL 3-jJLc 3j|>>- (jJS rL^-^ L^-J > cr" 1 ^ Ij-*J -thermophilic 
-55 S^Lc J^mi (_yfl Ljj_uSLJI ojut Jila j-a_J 3_aj^L!| SjIj_>JI j-Luj .jaitl 

4jj1jj>. 7-j1jj 4J»a_>»j (^l^. (jLcuj 2 I jji jL>- aL«3j>. J^tu-ulj 4j^_us «L>.j.} 70 

Cj^_4-ij J) 1 ml La (jLcj-i_u fiU^LtJI CjLuISjI q\ ^\ i4j^_i_« <^>.jj 50 -45 (j-u 
^j"i j * "j ,3jlj-_>J1 «L_t^t_« Ljj-uS_J1 Laju^. ^_a_u (j^Ii 3jlj->J1 CjLvjJ jlI^. 
<LjjIjjjV! jLiVIj 3jL>J! «_uI_LlI! ^ a > < j j U tLax^aj 3jlj_>JI 4_L»-a Ljj_uSLJI 

(j-S-Jj .i_aLi JL>. ^1 a j j a a j a I IjL&j i3jL>JI 4-i3ljJL>JI CjLLuJIj 3jL>JI 

J_i 4JjGj_LI (jJoLil! (^.a 5_j^L«JI SupJ! <j-a Ljj_uSLJI ojl& Jla jl*.jj liU 

( _ ;r ^ 3j_j_>JU (J-51 i ii II (j_a I Jlj* JljLa S J_a^*-lJI *La-jl.i (jjJoLLlI (_y3 (^yis-J 

(JiLa 3jL>JI cjLLlJI (j! aJsl^JI ^3 Ijut ( _ ;r l«jij .cjLj^^SLlLI 4_j^.jJaS_jl 
cLi jj lilt (_paj_«JLj (jl (j-SLaj Lfca^e-ij jUj-jjJI tt'j-jIj ^i}^J-^' 4a^jCU! 3j^>-i 

Yellow j-jjLu <j-a 3_si±iU 0LIL9 .Sjlj^til LsjLi. ^Lu>o ^jjj (jl LpSLJI 

i5_j^ia 92 L#jjIj^>. *L»-j.}J (_,!«" aJL^tlLlI CjLjVoJI ( _ ;r 3 ( _ ;r aaJLJI ojUlLI ^j£ 
3jlj^>J1 i LIU JU£. ^jL\Iij Sj-jjLt-a d ^J ' < a£ W^hi-^ 3 L>* ^L-a-iLs t. i ( "'Jj iJjLlAj 
(jjs T.D. Brock <-*Jjl>J . ^ .Cj ^1" mVI (_>ujJ JL£j ,x_j_iL1jJI ^j^«; tfl-La iJ J3 

IjpSLJI jjji Lc^j (jl j^>-jj , 2 ^ U ; 1 1 dJJj ^ 3_LjS jJ! iZjLuISUI LjLj juI 3ji^iL>. 
SjIj^s- ^-^-j-^ cr^ fj^-J-u Flexibacterium a^j^I'C j j'"^jl'^ u, i i "j SoIa-pJI 

L^jl JJL±;i£ 4^jJ_L! r I j . '.-, -^- 1 1 . , 1 1 -» U 1 1 |_^aj^ai!| 3jlj_>JI Lai . 4j^fLa 83 ^«-Lu 
(_JI ^J < aJ 3j1jj>. (J_a^tHa 4_l^_l^j>J1 ( J Lsclaj I 6 '">'^j IaAll Lai . 4jvj_} 75 ^tj 

.Cilj mi-t-II d j i nitL 4j>-jj 40j Ijjjjjjjil 4 1 1 nilLi 4j>.jj 50 >LLu (_yAj i4j>-jj 60 

^a , ^> ^ tl 3jlj->J1 «L>.j^ ' " i La i & I JLjJLau -i'-ijl La-lS (jjlSJI (jl Tc-ual^aJl (j-aj 

. I ^ U -r'n (jyjJI 
fO_La_»_a (r^>> CjLjj^)»S_jJJ ( i I C I (JH-JJ 4j^_i_a «L>*j^ 80 Jj^-^ ^J'J—*^' L)i 
~L-Jj j J Si t_J1 (_^ia_«_j fi j "1j^>. (jl_5 (J_S x aj . L_^_L_a 3jl^ se I I d t_>J t 1 
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LtpgJgjjgjSuflJI 

^Ha^LiJI «ULa .Sjlj^ti! Ijl>. 4iJLi I <f< ajLiLa Q^j-clostridiaLj JU^"i i ua K 1 1 

jj-a Jj-lLS.} 5 (J-qj^ T u I ^ '^* ) (jl ^Jj CjLcL_u <■"< ( u 3j_a £lJj (jLilc ujLjjILi-u^Sjl 
. jUt-JI lLb « i aj w glaJI «Lcj ^ 120 4j>-j^ JU£. jLsi-lII 
^ 1 « La I Ja-fla. (jl£Lol ^°i <■ ■ 1 i nil j-& IjUtj iCjl_ijj£LJil tcJLLI «LU JlHjj 
3jij_U 2_j^'C i ntl 4jj_»1i 2 Ij . <L>-^1U JU JL»i ■ La i "J ^jh JjiielUL] liLoj^Jlj ja^tllL^ 
(» j q -w (j_u_j_J) t. Mr 1 Jj-oI jl^_J1 ^Lla (_£ <3j>.^lt1 w AC"j . <Lil , i, a j-jjLj l$j 
(J-&I {j I c j S. l"l II C-Ljvj" I il j j-ol I J-&J Cj Lj/Jj-lAJ I j 2_>jl«JI oLJJ Ljj_uSLj 
. 4-dA^JLI ^jL^d,! (j_« J—*- 3 (*3r~' *-&! ' '^J"" ' f^-AjjJ"^ tj' *— ^P* w v^* Jl LjjLLaj^j 
pji J-^> ^J 'J^*-^' Cr^ SIjt-II ' '"^~ " (J-°LS Cr^-l^rS -0 f*-!Lc ' *j* a (J^ / LjS J 

L^jjjij 3JkaL>Jll 2_jj< i, ill ,JjJL>J.Ij TtJUl JJieiJI JjIjj-u <JJ^3 5^/ljjJLi 

^JILa ^—5 ^-<5_ij q\ J^-4-i 3j»j-g_>J1j CjLjj-La_aJI (j_a pl^jlj , d , ^ , ^ -»." ^ Ljj^uSj 

7c_LLI (j_o 3j_£j_ll J_lJL>J,I (»jLSj (jjJI cjLiji^SLJil »l gUtl ^ g i ujj .j_»iti!l 
Jjijtlll «Loj 4j JjLV! (^ ju>-jj La^-^^j . halophiles 4a.^iLI 4-ue-^ y~, uJlj 
t—ijLiaJI (j-i-ill U>^' f^-JiJ • £ ^ =t ^l' oLl«JJ tLuLulaJl CiLt-qjeTJl w ' a jJ^"-'' II 1 1 
c-gjcla (jJI i-La i ..jVl ,_2j_<iJI ^ d U h -^. 1 1 Cjlj_irtxll (j-o jjj^ oLps ^^ Sj <t ■> \ t 

.Dunaliella ^LJLJ^ ^ ■> . uj 3j»-^U1I j-^-»-o 

?La -i La « a (jl .j^e_jJI ^^ Ljj_lSLJI j^c OjJL>JI (jjs (jVI LlC.j^ Jl^j 
J j , ^ A 1 1 \_xja • La Sa LJLtll 4-SjJaJ I ^ 3jlj_>JI j-JLjjj iS^jj-JI JUJlJu j^ejJI 
psychrosphere SjijLJI 2 SjIaJI J^>-jjj (thermosphere3jjlj^>JI 5 ^ . t — T 1 ^^j) 
^ S-lLlJI oJUt /"-^J .aL»-II i_)>La Sj^io CjLvjJ 10 -4 ij\^-ij\j^>J\ (JIaj <-^ T P' 
juCUjj) thermocline 3 I i^LaJI 5jjIj_>JI 2 a La ' 1 1 ^ g . .n (j^-*- tjj)~ < •< ° Cjj>J 
j^paj 2l '"*' La-iJe rt (J!i_4-ij (d i i nil ^J J ' a <a ia (^^jjtJI ■ laj> /^i^. La JL>. (—11 I ^2 o^ 
jj^. M .'-^'aj . psychrasphere SjijLJ! 2^ .Utl ^ 4jU,| j ^ 90 ^ya ^£\ L*-uij>. 
^j ■"■ c l^o*" I olS JL>. I j t^^>* LlaJLua ^t_u j^tt-u I s^ ' La * LgaJ 1 JLjJ-i tiU!i 
L^_il 4-SJa-Ll, I oJUt (ji (j"i j i~\ (^rlll CjLij|j£LlLI j^c (jjl IjLo . Lijj_Sj jLiol 
i_t^e_o I j ' " j_uSL!lj ajjj^il i_iitA I j i La « 1 a i^jLaJI (jiaj Jl^ Lo 4 'JT - ** 
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■ t~ *'« jAJj CjLjjij£LlLI aJJt, jl a^ISLII I jJt (j-ijiJj .barophilic Ja « uall 
4_Lj^Ja i^jIjXuJ Lull dJLAI! JJo JLSj •(j-IL«-II ,U;.^tlj 3_UaiitlU 5jlj^»JI 

jl (jjl_J_JJ_JI I. i I I il II jl-Sj ^ S J 5 3. 3^JJ_J_U 4-J-3e^9 LjJ— lTlSLi -ij^>-J (_j-3 

jJLc 4^>.^LILJl ^^^^ -n j"' *^ I j * ' ea i jl-4iaL_uj jS-j-!^ i ii i (^\_^^J^_u^S_lL I 

iL^Ljj/lj^J^a Ljj^SLjJI ajjti. i lr I ouLo *U(j-aj .jjIL>J,I ^1 j^sJI ja I glSJ 

(,*i i'iLc L*4j '*d3-'- a ^0 j^ ''jLh*^' •— ■ ^j J < — '-*'j '-*! ^•j-"*^ ^-ij-4-i L#J ^ til! j 
barophilic JaJi liail 5-^>JU CjLjjj^LJ.1 5jj/Ij^ jl . jLo^/l LpSLJI j-a L^jLSjiaj 

1 1^ a ,%■> CjJ_>o j) j£Ls-s fi ^J5^ fiLt-aL>- 5V^3-1 (-J! <3j>.L>. (_a j^s_ij 'j i "^ 1 

. U _, -w 1 1 j^f (j _a JiLo JL>JI j_a L«£ lJ>>- ilaJLJa 1000-500 j*-j 7-jl>ij 

( _ ;r 3 (j"n*~ (jt^' CjLg^\jU j-a Lh!-^ 1^1 ' a uiliS, > (oJ Lul Jt£jll j-oj • (_£.}L#JI 
-4 i -■« i a -»" t 1 Cjlj_iHiJ,l w 'a ^"---, U^'a Lo£La_i La-ilj . 4_&LjJ! ,j}Li£.2! oJL&Jilo 

JLiil fiLojLS-a (_£ J_u Lj^"(S ill jt 4_jjL*Jl i laaji Lca-Il O-30 ^-<3_iJl L-ojljJa j-«J 
jl ^obell(JLjj jl'miVt c.lU*. ,„t jlSj 2 » ajj 1 1 JajJLUaJI aJJt JU£. Sjlj^tU 
I o S t^3^ JaJi ua L_flJt C^J>o ^ uio* 11 (J-qj^ T ij Ljj-uSj da-Aj j-u j_« O t >" i n 1 

^Ltl jLjlc «L>.j^ 3^^ ^J'J^^ Ly-^3 iC ^3- u3 ^-^j-^ '04 j_t£. 3jlj_>J1 j-gj^ T ij 

LpSLJI i. ilrl 3-C:!jj jlSLaVI Cr 33.3JL_a Lj>L>JI jjSu (jl 5Iaji^<i/ flj-flJ! (j-o 
(_^jjj/ L^i« (jj»jjj *l>#-!l <j-° l ^ c iJ-^l ^i^JI (jr^ ( ^-V **;fo J-^0 4_ul_jjk^UI 

3Jij^>J,l 3_jj^.Vl (^JJ C1jLij|j£LlI.I oJUt Jla i.-.Ui.i" I jl LaLjj 4j^cJ_a L^jSDj 

. « I^J I ja 3_c.j_io 4_olc I ^^a 

4_ua^ g -*J1 (j-^>* ^(^^pal g ^.21 '" ' "jj X" ' I J i-J>^\ ill (J-«3j^ T lJ zj 

(_5 t. i 1 i n 1 1 ^_fl> I J_fl) J . Lj^ "IS 1 1 1 i. ilr I ^_4-i )<_L4-i (JJJ I 4-uaj-gj^S 4_o_L»_Uaj 1 

jij^>-j (_^ Laij_4J ' a a j " j 3_jjLjlII jAjIJI LjjUSLi jLi liili i(JJitlI! (_jjju>- 
(__a 3j-_^2l j>j_a i(_pDi_*tJ>. 2I /?-j-lj (-H-Ii Ljj"s ul ^j^** i <-"i miLc (jlj (J->Ji 

(J Lta-aJt j la i\) t _ j p3i ^t j-o «L^_1Ij L4-1 (J-uitHJI 4_jjLqX. (_a JLcL_uj )<_al^jl 
4_uaj_*3^>--(J_jLa_L1 t cjL>J1 (__a-(J_U^aj /^-S j a * ' I a 3j-*3_>J1 Lat .((j_u^L>J1 
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Cjlj!j_alj 4_$JiLaJ! j J'^"" /j-4 4-jJ>L«JI I j'^j; tjl-t-jJj QJ-S-'- . < ' ' "tlj . 4-ijjri. 
lLLuj^jSLJ! (jiijiLt^ Sj^iUI 4_u JLnil (_p3L«j>. al Lalj . 3j_aitiU JiljJvlj CjLjJJI 
(^IjJjj^S dltjJ lObj^SLill <_Ji:V SJjLVJLv J^^^k:-^^ tiLj^JSjjJjVlj 
( j r jt L-4-l'J I ' ' ■■~»- a dJLuj^ i\ II ^j^ja\j>* ^J^Jtt T iJ 21 CjuJ^SLua JLso (jl c_tJ*Jtj1 
J 1 n^jj thiobacilli (jj^L^Lj^jj ^ n 1 ,n lJ Zl\ Ojj-jSD! Ljj'j'C j'q . *JsljJI ^J& *LxIIi 
(jrtJ TTj'jj Cr^J L ^Tpi>^^ (_)-a-oL>. *LxHJLa Pyrite CjJ^-<-J! CjLaLi. _jl CjJj-jSU! 

j j iS jl>. ^—11 cuLfuj ^tt-i (jk- cJL9i>^' ^J '■" ' I (j- 1 ^ c.(-l. u jj Cj^LcLaHJI £j_& 

^j n <a i"i II g-a <'r~i {j^a a \\ au ' '• 1 1 cLsLLaJl usajj jj_« » 1 11 1 ea "*- 1 1 CjLjLujI 4J_<a_*j La 

LjjJiSLdl 0j-$J (_^DJJL4J L_3^J_uJ . (J^JJ^Jl J_U_uSI /j-jL) d - ll L l ] ^UjLs-d 4_lLuLJ 

dJJj j^c i_iiije3 I j IS Ij 4jJLil!l 'Luli (j^J . *-jLlJIj (jjjJ)LcaJI (j\iu*ajil\ ^^ 

Jajjj L#J2 t_JLaJaJI {J\^lc o-3o (Jj^aAll I jut ^ (_Lta (j-o LtLiijiLi^j <^r-^' 

^. i uja . j_$_J1j ^jjx jJ^-laJ I ^LuJL)-4_u^_u3^_<i_p 4_iLi£. 2t-4Hjt_] 4_)jLi_p 4_lLi^. 

<Luj LtaJI <1j j-ii!l 3_ul j) j^c LgJ Ij^XJ 4jjL«-iSL!! <Lj jJLill <Lulj-i CjLuLCII ojut 

.CjLjLtJjl J* aj LiS jn<i i"itl ?^u3 a JL?-" 1 11" (Jill 

mesophiles 3JjCL«Jt.l 3jlj_>JI <Lt^e-aj thermophiles 2 « ajj II 3jlj_>JI <Ll»-o 
^Jl ILa. j loll I < j" I j -1 j ■ ■■ 5j (jSLx-i La^j ipsychrophiles 3j>jj_jJI 3_j_k-oj 
j^JJ ,U; . v. 1 1 L«jjj ihalophiles <L>. j loll 3_j^e_o ,jj^lj <LoLc CjLkij£Llo 
3jIj_>JI 3-ajLZj. L«jjj ibarophilic ilaj lia-Ll 4jitA ^jjs-Ij 3jJ)Lc CjLkijSLlo 

I ^ 1 1 x li l I » j"j 1 La j-^*-c jl (<ijjIj^>JI /7L1JI (jyk- L^jjjuj u 1 ii-». <_aLi>Jlj 
aI i.i^i^I aJ-$lj ■ iacidophiles 4jJajju>JI 4_lj*j5 CjLijj£LlL! lLILL^s Aj^^assM 
3Jjd«Jilj <LuIa^j| (jjJaLLU CjLjI^o- JlLo .(jl^pJI (oJLc ^^ SjJaLLa ^1 1 n^l 
CjLJIj_lj>J! '"'I 1 j 1 "" (j-o til! j) J-J^j 4_oLaj 4jjIj^cj^5 CjLjI^o^j 3jL>JIj 

L^_ilj)L«J Lljj cjLjjj£LlLI -ij 1 "" ^1 (jVI 3j ' ' ^J 'iJ^ 3 <J-° LaLi-^jj' c^" 
cj^I^I jjJI cjLJl^pJI [ftj 1 u-5_ll La_« j-j^I 3 jo itl -ij 1 oaIiI I ju» (J-^_3 .4jjI jJLII 

CiLjI 1 i II (_>\_i 4 \ ir^LaJl Sa^-fl ll-<USI '«H iLo-LiJI (j-o-CjLij|j£Liil j-JJ>3 
■t-^a LgJ J>>>-J V 4j JJLlI! (j-o Lcl^jf iIjLuLdl oj-tb ^jJ (jl \s& iiJjLJI^jjJIj 
^pJ! tiiJ^ 4j3| jJI ibjOlII j^J-ILi f IjjVl tfJLfli JJL>-Ij . LjJLlII cIjUSKJ! (j^j 
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£j£. JjU L<l_l3 ^J>i J^<J-> I— 2^J_uJ . l_AjS!i JjjL-uJI O-JJ-aSjl LJjIiSj (_£ CjJL>0 

jl LJjLa-j 4_U3j_«^»JI pj 1^3-a j^JJ LJJLC ljl_3 . SjjLijSLII 3_uljJI SjjJilII 

3JLu q] VI .Pyrites o-jj_j-JI f^Ll <j-° 5-ij im'U oLjAIj gjj jSLII fjjl-y (^ 

Cji**m i ii iLaj-LuS 2lj 3j-uj_>JLS <^_u3^_<j_>J I (J^^tlu /^Ji CjLuI£J| jj-* d 5-i3 s 4JL«Ls 
^-jLJ (J^. LuJLua JLsILtJ I J '\j t iJJ l_L& ^_4_u I J) j^J jij-jJ I ^j^** I (-11^ J Ljj-uS_J1j 

o_4J (j-j-!I 5_jjLj_lSL!I 5_jJJl1!I 3_uli Ljj_uSLJI *C£Lu ^JJI Q^jjiLII ju m£l 
^l3;pJlj(jL^jyL^ijJLilII 3-yLpII «Lp-Vl jl*1«j U£j. JjVl ,Jj»J.I (^adJLut 
j-ijjLLi jl) (_i£jSLII I jut (^Lc S-taLtJ-U L^^JiJI ^ cA^ c^ tiiljLiill ^r^- 

>1 5j i ■■ rt (j^Jj l_LLL*S ^_4_u ^jl j^SLiJ CjUj^SLjJj jj-a 1j_Li_t-a LLLc (_^=>L>. p^_La 

. ^j , i o mJ 1 * j-t-3 j^^ 

CjLijij£LlLI (j-o Lcjj Sj j » i r-i icjjij^a thiobacilli ojjjSLI! Lj^_uSLi JfL^-ij 
Sj i .1^1 ij<^ TTj'jj (_LxJLa JLLo Lblj Li£ (.j-^J . chemotrophic 3_jJJ>lJI <LjL»j£ 
4jJLi!I ^j^VI o^LcLilllj .Q^jjiDI jUmSl ^15 c^uiuj ojj_iSL!l djL^j_o 
3_ijlJJI 3_jJJLlII (_L>-! (j-o Lj^jSLJI ,j-o l£>*"' f'>^' ^i>- : ^-' ^j^LcLiJ u-& 

•.ijjUjSLJI 

((jjjl—jj a J * J ^JU ' £' 4_La i-ulj_j) «l a fj— II (j^-^-jlJ^-J^' 3 ' ' " ^' 

Hydrogenomonas 

(jj^ ua_aau-u j)j-u id La i ■ i 'jj) O-JjILu ^—11 Luo_a2l 3jU_uSt 

Nitrobacter jjSLijj^Lu 2U mljj) CjIj^J ^1 Oup-uJI 3jU-u£t 

jlj-J-3 (Jjj^Ljj/Ljj-lj d U . ul aj) iiljJLjJL>JI j^JI jjJUJU>JI CjLijjI S J I nS I 

Thiobacillus Ferro-oxidans (j-oJl JU mfl 

(jj^Lj^-a^-lLlLLa d La i nl ftj) ^j^jjSJI JLu_u^l ^-jLJJ ^La ^—Ij ^jLLjJLI 5 J i nSt 

Methanomonas 

,j_o i>J^C.J thiovulum /«_L3j_lj 2 La • uljj) Oj; jSUI ^1 JLujj-jSLII flj i ii^? 

Vj.diljd^^b >La^>LcLilII ojut^ «LajSLII (j-o^jLaJI j-c:jjl I Jlj 
djLxi«j«JI ojujJ 3-a-jTir-ill SjjLijSLII oV^UIl 3_,L^ (^Jl ^cjlj aJLla i.^im 
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. (*UI ^djjLs^j L$JI (jL^JV! j£j2 lil JL*. J^^^ T^ljj^Jjl \jjAc La) 
SJljtjJI 3_jjLijSLII ^^LcLill! <j-o Ijjlc (jl (^.a 3-u-uL.uVl 5JI mil (jLi dilj 

sj-lo (j-C ** ^ '■ ' ' 4JsLLaD j 'I La aS Cj Lj jj^LlI I Lg-ajL^"i i n" (jl (j£L«-!j iibjlxj 
jj-il i ii II ^jl\ CjLlLsjlIIj . 4_jj>-^J^-lJ I SjLil! ^jal «I_LJI Jjj i ii ^jh u ii g i"ill 

,2^c. (j ii". n" ^^1 3_ul jdl 4j j-iill cj^LcLaj Lai . >I^JI -s^-j aj I" i n" L&j^j 

3JL>. -i^J-J J^j JLai dllj f-aj .3jjLJ-j«Jju La_ia- ( _ ;r ^3 j«< i"ill *jjJaj *'>^-l' 
jlj>.| ^^j-Thiobacillus denitrificans j ' Si j aj j^uLbj (j.iIji.iLj^-u (j-uJL*. jl 

«_lLlL ■ ■" L^JI j_lC sl^JI ( _ ;r 3 Ojj-jSLII 5 J i iol (j-a (j"ij»"t Ojj-jSLII Ljj_uSLj plj-il 
(J^cILjj iCjIjUill CjLJjjI dlli sLSl 3JjJiie_o CjJ^-jSLII aj i uSl sl^JI ^LiC. <xlc 
jj^>- Jj-J-iJ I jLi. (^yJI CjljHiH (J^tjj La_Lu dJLujjjSLII (_^jjjL>. ^\ CjJj-jSLII 
dJJj£j ..(j^jj£LII J j i nSI (^Li (JljUi-lj (J^LajJI \jJt> <j-u uj^SLlLI ttjIjjj 
» j U*.,„j Micrococcus denitrificansj '^j-y j-HjLLjj u^£j£jj£uua i_sjj£L<_o 

. Cjl^HiJl (J1^Il>.2[ (J-\j>-J)j JU 2 I LaJL^-" i ii a 4_$jLlu^3 4_lLcju ^j'-^J^ til 
(j-o Ljl-o ^jLa—iSjl (_LcuiiJ1j ■- j ' ea 1 1 (j_« (Ji (—11 Lj^"N ill ^j^** I r"UL>»jj 
(^3 I iiaj| LiJij^i (jjLu-u (jrlH-SJjUl Ojj-iSLII Lj^SLlS 5_ul jJI 4jjJuJI Jj>.t 
iS^LUsJ^J q^ijjljj (jl cLLajj-tlu Ojj-jSjI (-JI JLujj_iSjl J_i_u£^j-(jjj_}L_aJI fJ-L^aAJI 
0JLA 4_j_a_Al JJLuj . j_o_uj (j^j^SJl J_u_u£l z^jLj O-tHj (Jl^>. 2l £JLA (_3 (j-^J 
i J i 'n 1 1 (j-o j_LS J-^>-^J (jl Jaj_<Ii (_j-Lc (_gjJj-LO J-^C- «I>^JI (jj£ Cr 3 ^jLsjlII 

cjLjjj^LlLI (j n i n"j .4jJ£^«I^JI t—iLic. (^ jjjJj Ljj_uSLJI j>ju* (jl (_gl jlujjjSLIIj 

JUlj (_g^ ( t n LoS lJL>. «L«_jLfo (j-^J «4_u1^_& z» *1^J1 (j£. (Jjjt_4J j_aJ3 (y^Ii 

r-Lljtj L^-lclj iSjjLJ jjjj SjJJilII 5_uli SjjIjjt^UI cijLoLSJI <jSL!j -J^ 
jJ^LujjjLy^ (jjjL^j£jj£Lujj thiobacillus (j.. I jmL^-u Ijlc Li^lS -j.v.tl ^l 
»j-LtaJI a ji>-"i i ii" LjpSLJ! ,jji Sjujlc p^JI ijJLutj .Micrococcus denitrificans 
(^1 I ^ " a. L> (Jj^il ; (jd>°' e>"^ ' ^l"-^" Lg-iSJj cjLjLjJI (_L«-aj L*£^ jjjJJI (^^ 

(jiajii (_ ;r Lc-jji. 2 1 j-o ^lj iCjLjJJI 4_l!I r-Llrej V La jj» j 2_^j ,'^.»tl jljj^l ^j J-» ■ 
sl^^JI J^>-j (^ photosynthesis ^jjiaJI (JAalll SiaL^jj j^sJj V L^Jl-CjLill 
,j^. Jjjlaj >I^JI f_j£ 3^Lc j^sJJI >jU" in" ^y^S: il^iiT-'n (jl (jL^ijyi (_^Lcj) 
' g J Lea3> Sjjij-UajLj (j^J («-I (j'j L^jI^ 4_]^La Ljj-uSLJI o^XJt (j^Sjj . (''J LeaJI 
Ijljv 4_«jLJu (_^3 ?lj_<t>JI (jl^Jal Lol . I j Lu sLtSLi/ C 1 1 imI 5j i a -- 1 1 (jl (Jj 
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Vj Ljj j"*\ j II (jlr 3_jjLa-iSL!l <Lul jJI 3jJL«jJI J!>ii- (j-o j-a-JI j ■ **" 5jj 

* .Utl « CjL_uJ)j-L(iJl (_3 Ijsaj^a-a (j_u_u ^a-Aj 1 J j^aJ j)j_J I J CjLJj-LinJl (_3 JL>.^aJ 
(j-SL!j Jl-lILj^ t*C II a J i iiSI * j ****** ' ■■_' 3J9jj_U ." I j ' *** ~- II t_JL»-LaJI (j-o (J-tiaJlj 
i^jLjI_l1I^4jjL«JI 3-uajiaJI 3-jjJuJI 4jjli v^jLoLSLII (j-«-Us *_2j i .tl-»Utl , ,IA j 

. ft I J < e3 >i 1 1 

Lj^jSLj Lijt ji jj (j! I ijlr cjLjjij£Ll«JJ (_gjLa_iSLJI pj-^JI (JjL2-> o^ 16 - 1 -^li 

«L_(_j_A (-J3 jt (IS Mill (—La-o* I j o la * rt Lj^"(N ill (j_a 4x.^o»aJ?e-a 0JL&J . JUJ_>JI 

La LiJLcj . j_jj_>JLi *Lj_L«JI i>\-jX\ ( _ ;r 3 ju>-jjj ' ^ c j *" " ^i5-^-° 3^— ^ ' 

(^^ jLx^>. alj j i j -» i a 1 1 w I c 4_j_LiII JUJU»JI <_ 1 1 nljj LjjjSLJI oJUfc <_ . j i n" 
*Li-Li^a ^1 4jjI jJI JJJUJ->JI CjLJaji Lj^'i'C jll OJUfc J i nSJjj iJLjjJI JjljUj. 
4-uljJI SjjJilILi 7t a i in (J^Lilll lj-& (j! l_Laj (ja-Llall (jK JLSj . dljJjJU>JI 
(jj S, J jJsj «_L2_a j— J-C lj_a w I c (J-j-Ij—II (jl (jVI jJLijj i4_jjLo_lSLII 

lil VI «_aj-ll 3 Ijfi jJ-P 2_lUjlII (jl il ^jt'iU^. ^ lillj *_a (j^jjj-^J^ujj^LjII 
adsorption jljJLaVI 3_LaL-ua_i 2^j ,v..tl jljj.1 Jj£j3 _a^sj i. nnl_aj.II <*■ j^-'l 
ij-_±SI ^ ) a g i ■■ ' *1 jJul (j_a Lj^jA ill (jS-aj dJJ juj-?t_j I j)jj I ja^t_ojl 3-^- 4J "-^ 

.j miri'itl I JL* (jAjl-JI 7">ial JLSj 

j-Lku z /^Jl t^^a-i 2(1 < , - 1 '^ :: ^ (j-* taiJLJ «LaJLc jl Cjujj^LlLI j-^ u (jl 

-ij . .."i ^a 3jjL* sLSjjJa Q- j-' J -0 ^* ' *' d* a <-iiJ-i f- ^ ' ljl*ll CjI_cjI£L!I (j\j LjJ 
jl iSjjIjj* V (_, a i m* (jllI Ljj_uSLJI jjJl I a i uS 5j*j_i jLLa Ljj£j Jl^J . IjpSLJI 
J^Vl j^ic jl) alj^JI (jJI rLr>o LJjJI oLoLSDI JSj .sl^JI jjJLi (J^tH" Cr* 
4-a- m'lt (j^n.ij .OuLa Vjj ((>Ln- ui'sVl (j^o 4jUI ^ 21 <(_l3 JjiLi. jLc ^Jl 
^j^** 1 (jl LaS i^l^JI (JJJ 1j-o*j Lj-aj (j-oAJuJI » .u gall i ■■" ^ilLa jjjuJIS CjLujI 
tj\r 3jjL^ jJ-jj dilj mi-«JI CjL^jjj 3'iIjU , ,.VI jj| jujJI^ 5_ol juJI CjLJl^pJI 
(_L L_uL_ul JLaHjLj L^-Lgaj| (j^-Jj .j-uS JL>. (—11 (j-Ue i nS 2I (-J3 ^j^>^*'' (J_a_>»j 
^j^-> « >Q 3j-uj_>JI Jt_ilaj_i_ujj .4_uIjJlJI ^I^oJLI 5ut i nS I (_b (ji-je 1 nS 2I a! JL^-**i r ul 

Ijijjjjij^JI (^ri^. liili 3' ' La j * 5jsLc iUjj^ijj) Lj^jSLJI (jjs j_u£j <j-i«JI p'j- 1 ' 
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c!l«_trtj jJLus 1 j j_l^iS ^—1 1 £.1 jJul Cj L»jjj>. j-u-uSJu Lai t^^-^H 3 l^'-*-**'- 1 4 -1 ' [3^ 

(J j -r K 1 1 (^1 (j^£j_L>JI Ljj/Ljj/Ij) d ^K All CjLjj*C i ii (J1>>J (jr^ i3j_l«j>JI 
z^j—lj JJ^_IL3 CjljwsJtHJl 0JLA (JJ-o (-l^. jJ-dJ-ftl^JI (j-* *— t - a J- > " Jj]- Lj^IiSL*J 1^5 

(jij^L»-j lactic acid i'IjmIII (^ia^Ls- Jila /hI>j (jJJ 4^LisVLi (j^jj^LII jji.iM 
butyl (jIj'^-lJI J^eSLIIj ethyl alcohol ( _ ;r LujVI J^eSUIj succinic dJjim'C mtl 
i Ij^jILo (jl^ (jl «l^gJI AjLJ-" i n_i (jl CjLij^SLlLI ojut i. i If I » Aau ■ ujj .alcohol 
j j in^t (j-JLi j^JI ^j^i-Vl jijIjJJIj jj£^i»JI 3 j in^l *u3 3JL>JI ojut ^j 

obligate 5_jjI j -vVI 5_ljIj_a>UI LjJLSLJI :<>j_4> (_, »» m~j (>jr , ,!<Vl c-jLlc 
(jAjuj Facultative 3_jjL<ii.VI <LuIjj»^UI Ljj^SLJ! <j-o LgJ Ij^j^j anaerobes 
-Jjjs L*;i£ L&j^i 3."" J^j-Clostridium ajjjlj^Ii.ijKII <j-ui>- <j-o CjLijijSLJ.1 

J_«JtJ (j^tj .^-llll t\$£\ J£ (■-■<l < j~linl Jl^ lij^^' ^kl)'^' oj^ ^p- 
. sQJLu j|j_J I J 4_uljjLjjtjj^£L!l jljJil (j^j £L>«jLiJI sQJLLa^l t _paLaj>. al j j^K 1 nil 
(JlLa cL»_jlj-jl 4_$_jj_S 4_j^_jLj ^ijl^_j-«L_t-aL>. 4-d-L^aj (^Gjij-aJI {jja-jd^l jjH^J 
j_lajjj .(cjI_Li3jij_jJI ,j_o 3_>oLi Cjl_Lj_at (_y-&j) ptomaines diL-Lj-aj" < II 

3jlj_>JI 5jsjLSj5 3jJI^ I j-» '1 ' d jrr-iLjJI aJJbj (<ijjIj_>JI TT^aJLl LjJUjILj/jJSLII 
CjLijj£Llo I i eaj I tiJLut (2>SLIj i4j JLC. 2I 4X.I iir-> ( _ ;r 3 Sj-dai. I j I « >■ i j ii_aLi>Jlj 
(^ ju>-jj ^pJI bacteroides CjI jljjjjSLjJI^ j<ijjIjj>. tClL V 4jjLj>.I 4jjIjj* V 
3jH>J,l CjLjI^j^JI ^ (jJj^' aJLuil (_£jjjo V SjLcj .(jl-II (jr^J 5_u5,m «L«jil 
SljiSJI 2 j « j j La II CjLLuJI ^Jlz-I lJr &j • j-aitlll Ljj^SLjj ij-tc. L^-iSLI (il^JI (jlr 
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(jluulllg OLigjS.i.nJI 

-3 J in<j_U 3_Ljlj_it>UI ,__jfcj-3_ui_3jfc}UI LpSLJ! <j-o ^-i-JI -1 ---I Lai 
a J -»-" i n" _r-^J • £> (ii ( nl J-J-«-3 u^**iS ill jj-* ' Qj& Ly^3 " rt /1^ _U3jd— 

3 J i nS 2-^-us- 1 nS 2l jj-o 2 Jj-Cj Lj^jj—J I jl CiQj^ in tl jl CjljUIJl (JlLa Cjlj^jI 
Lj^'i'C jll (j-o /j-_ljj — — )-iL— = JL9J . 3Jj_i_a .iljJJ aJJt — ■ J i ^"' a (_g j ■ V» » 1 1 ? l JtjJI 

Thiobacillus jj£_tijJLjl_Ljj (_j.it> "Lij-o 1 <i a j _U-3 <j-a — jlj-lil! 3Jj_-><i1 
l_a_bj Micrococcus denitrificansj_L__<-_ j-j-LLj.} (j-^j^J^^j-oj denitrificans 
3_<_l JJI 3_j j_i__tl _jlji 5_uIjj*^UI oLijjiLuiil _)L3J_>JU (jljLjO^JI _)}L_U 
_u*-o cj!j_UJI aI j_>-"i i nl * „***"" •" 3j-— — I Lj^_uS_J! qjz j-jjSj . <tjjl_M— -It 

( j_ u _Jj i La ^a Ca^l) /—Jl ' rt ji>* CjIj— JJI <JjI_fcl) i-p-Aj tij mU-tJI ,_9 > < j-—*_— & 2 1 

j_kj>j_ (j^>.jj_JJI (__!! cjIj_JJI J[^_j_i _ r lll Ljj_S_JI _»SL!j nju>.jj_JJI jL_ (__!} 
ijrtjvjj—jJI 3jj^ _,_ 3-oL_> _h*j i^jjlll (JLvj^lj ^1 <i i ullj cjjjJI j»Ijji <_— 9 
LpSLJI (. ilf lj . denitrifying ,j^jij__J 4__ L_ L^TC j- (Jj^I J.^Atl jJ_Jl) 
tj-— »- i nS 2l a! JL^-**i i nl LUaJl » .J eaj i ■■" Lg-il /^-^-' *^jW-~**' L^>-_3>— J' 4_JL_aj1 

jl djlljj j*C tl jjj-' in" ^-itl Ljj_uSLJI (^Jx. I jut 3 ' ■ ^.* ^j • L$J jljjI I il 

L_Li_oL__ (^lll -jLiJ^-LlII _ r j»jn_iLlj j )___] 3Jj_i»_.l 'dhP^' ol •<^ilJjJj-^l 
jjsJJI * J '*"*"" ""' * Ij^J- 3-ojl— — > 4_ulj_b V (___ LxJj-jJj^l _L____JI _,_ 3j_o (Jjl 
__ll _jLj-jj_l_JI Jj_Li_j _— Aj • I j^*'*.' * (J^T ' uSjfl _H^>- ' u— ijf I jj __> _,_ 

J j i uSl (^—jLjj lLLlL>JI _>_vaL>. _yJI 2_^j l— _Ul S^LLI J i n^jj L«_Lu JljjjjjSLII 

*l_j__j _t_.l__j jlujjjSL!I _)Ls U,j .4^jji =\__jIj jJjj i_i!i _r^j l U5i>^-" 

0J-&J . I j **' i ■■ j * rt (j—iLal ^j-o t^js- i nS 2l _U3-J Lj^ u\ i 1 1 tjl— 1 ^-\j^- i nS 2l )<_a 
_,_-!! 3 j j -r < II 2_.\l ,^~ aVI i____J.I (jjo JLjJjJI _,_ i. ■jmtl (j-b 5-u->L>JI 

L»_ i L^i (jjtj (jill 3Jai-ll j_L_,l i_tjj_ -_ijI l_gjt Ls_ Ljj_uSLJI oJ_b L^x-u 

.•jL— Jlj (j_-}>-4 — u II _t^i— — — Jl _r— _;j-u_ 
(j^i «_r^u _r3 _ jLjj^j_JJ 3J^_>J,I Ljj_S_JI (JjL—jj 'L^j-j — — ' i__3j_j L_cj 

L_uS ft^LjEJ 7Z- u. 3^J _^J •• )— — Jl I JLA (_- l^j_i_i_> (JjLu— L_lj^!i (J 2 _l_ju-__ujl 

«U^I— sJLI [jj u\ 1 1 1 (jl ._>_uljjI )t_a I g (Jajl > _^>-1 JU LaLl— *_) /^—Ii — jL^_u— _aJ1 _)i 
_t-o 2 J_j C jLxj^ i SJl _)_u __uj» L^J2 C jjS!i Li— 4-ajL—_ 4_ul^_i 2i CjLLjj i\U 
(j-a JLjJLC _,_ L^_c _r— — 4-a _J_xj JUJ_e_!l I J_b 3^-^ aJ _r^ Lg— S— Ij t^j— »- , ,,Sal 
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Lif><}J 9-1.13 jS.i.nJ I 

foJ^_p I ^"j At ,„>\ , n"j 4j_u_ujJ1 CjLc^a^JU jl>-1j . LALLljtj (-111 ALLu^il 
(Desulfo vibrio j jj j " a j a L -j > (_^*j) j->-Tj («-u!jj>. jljJj Desulfotomaculum 
^j^-«_'j Sjlj^ti! u^u ^j^l icj^ijJ,! (j^j pljj^l ju>.lj . (<ijjIjj>. LjJ ("i i mj! 

(_£ CjLc^-a^JU 0J-$J (j^ L 3 a JL>-^jj . 4j>»j) 1 o U t^iS^ja 4_uUUl <=Lc^_<a^>JL 1 p'3-11 
4j>.^11L 4jjJL«JI Lj-i3 ■ La b -»"' (_^l!l c^i?^?^' i—JaJill oIjjjI (j-u CjjLojj CiLvu 

Oa-pJ.1 u i .iljij ^yfl lLsJ LaaJI Jjiitlj (jlll CjLj^SLJJ OJLA JoLaJI CjJU>.j lilljlS 

4j^1LI oLAIj 5jjIlI!j jLa-JI Jjl i** I (_^3 LJLc. iimL>u oJl£ (jlj i,_p3j^l ^Ir 

dJj^sj La j if <CiLcLS^ Jlx. I < r>'~ (_gjj| cjUnTcinU jLc. jjfc (4CH4ju ti!) 
(j o i n"j) Ljj_uSLJ! JjlAj jUJI I JL& jJjIjj i5JSL^u 4^jj p-La ^ Sj^JII JL^.jV! 
ojut (_>iuLj oj^iJ . (Methanobacterium A^j^-LlSLi^JliLLa L^jLcjjjjaji i_£JL»-J 

imCvJ-VI (j^jj£L!l CjL^j_a ,j^ j_*itl!l Cj^icLflj i_)!>L>. (j^r!-''' j^ *-^— > I— c5 LSL1 1 
(Jlj.li.Li CjLl£j_U oJ_4 J-iLa a J i nM TTjIjj jfJsljJ! ( _ ;r 3 jj>-VI Lj-lIsjj (2>SLIj 
(JlLa 1 JU>. x_*_ulj JjLLa-i /jj-i^. (JLLlLI Lj-uSLi > i"i"i <"j . (jLuJLI (—Jl CjL^jjSjI 

(>-a- ui^SL! 2 j ml in -«> oJ_& (j-o jL<i! (^a Jj h2jLjjjSLLI 4Jjli»J.I LpSLJI 

La Ij^Ljj . (3j_>JU CjLI^-l>JI CjljLta ^fl 45^1.} 4-uljj* 2 4j-U JLso (^^j) 
Vj . LtJ_u JL»-Ij (_pj| ^jji-Vl LpSLJI t-jLi: ^yfl jjUJLI ^ L^cjj <j£La! 
(J^s jj^ 3 Lij^ii ^ w ii jl^j (jPn oU 5.\ i nSjJLl L^**i\ ill ct^jj ' j *j i JaL>J I iJ7 i-uLi 
(^Jl rLjo (_pJI LpSLJI dUj ^jjkj SjjLijSLII 3jj»"tl 4j3li c2jLjij£LlU t>v 

. j^JJIj Q^jj£LII Jj i nSi (jjL Cj-uHj-«I^JI (^-(jIILlLI Sj i n^l TTjIjjJ ' 4 '>^-" 
CjLj^£LJL1 (2>^- LluJL>. (-5 (jVl (3>- LALLaJL^-**u nl (-lli fftJ ' tijajj] c^_JL^l (jl 
4_Ljl!ij 3^j)j-AI «Li^s^3j Sjlj^tU «Li^tA 4_ul^A 2ij 4_ul^ji (_II I j i j i -^ (JILa 
Lo-(j<-ij>.^J^-u jj K j n 1 1 LJLc. >t^j| cjjJL^i^I aJJt .4jJj>1II 2_^j . Vx-j 4jjjilll 

j«J_aj LjUSjj cjLjJa^j i JLtls (_J! (_j>.jJ^_uj1 ^_u_o21I1 (j^"*-^^^ (J- 3-' ' " 

(j ni-»J1 (-1^. CjLj^£LlL1 jjI (__)^Lu LaJU^. 4j-aL>. d d ' a i I JLA ^JLL^aja . ij^>» 

i_JUJI ^ j£ju jl (jLvuJVI jjjia ,J& (jL di!i-VL%. pj mi i i ii Lt^-^j mi j 11 
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(jluulllg CiUgjSUaJI 

^jL-uj 2 1 ^jlS ^jlj t/Jj ' *-»^" 4J3jjt»o tJJ-i L-* ^t-u-d Lp^QJftaJjSjvl J^c 4jl3lj ^LuUjI 
oJUA JJLo (^-3 i^jLjj^LlLI fl>il J£ 4J3JU i-2>«J ol 3_iJL!lI.1 4_o.l_Lt! (jjs Jjj 

^^ cjLLjjjSUJ 3J_^l>J,I LjjjSLJI cjj>L-u ^la : I La-* • ■•< ^lila i . <j ■ '--> ' ij . 4j-lJI 

^Lj-^-jlSJI ^-JS Cj I j-jJiHJ I j<_jLLILj Jja S * rt JU>. j-Jl |j mm ^£La2 «Lt_L»-a «U_u 
( _ ;r XJ-i3 <_£ JJI pJ-i-JI J I (jjil>J! (^c jJklll ^j*-*.' 4jL<j-JI liJJj (j£ Ljjj-^J^u^SLlL I J 

3_oLt pl^j^/j (jjLo-^Li 2jL,^,y,tl 4ajjJ,| ■» . . *~ LsJlj . IjpSLJI a'jjt 4-<JI 
,-«! i j • ■■ aj (j-c (jjjl_<ji2l ( _ ;r ^ L$J3)M-li-l ajlc (jrt.il (j! oJjL>. jls o-ii ^Ij 

(jlaLiAl CjLjI^-O* jl a^eJJI 4I4/J JjLia <— -l I uicVI 3J£T ^1 ^ila Cj Lj 1^-pJ I 

( _ ;r lil Lii .t_iLjSL!l I jut (j^j (_£jj>.I (^SL^T (^ j>jj Lojux. t_iLJI I jut .~<\l j. ,-»a~j 

JjuLuJI 3 mi^LlU ^Jl ULcj) Lo jjtcijLijjiLuiil j>L>J! ^jLijSLI! £>£JI o! 
.5jJLJI 5_L*jtVl djUjoLijjiLuiil 3-illjJ.I .-.I ^ ,„;;-■ tl ,> jujj Jjl^cj ^JJI 3-1*9 

^ U3e£ 4_]jLi_p Cj^LcLoj a! JU>"< ul * .u iaj i ■" Cju^S_l11 ^jl ' ^^ u^'j JL9J 
-(jVI (jr-i^- ^ J iii J \) 4 a l^3_i- I ' ui-fl I '* JUSj ij-ilSJlJIj jjsJJI Jjj i » ^^ LoLx-i 

oj^-lSLI Iji ^ jj . >. « 1 1 j_j£. ji 3_ujL«Ji.l jsI^jJLLj LjiLjiI jj U"m (jlll cj^LcLoIII 

(_gi g| i ii j4>Jl 4_ljI JuiJI j-i^sLlkJI J^e-i 4ji£ LLaLsjjtl Lt^3.J JU5J . JUJL>Jlj 
^iiuo jj^-JJ-"^' C-i^uTlJ (2>C- I'm i"i J^JU (O-Ij i4^LLaJLl (JjISLII -SjljJi (.^-11 J>lj-LI 

^^ L-i-j-j L«£ n_i£jSLII I JujJ ^jjj. jJ^lJ I \l .v.aVI ( i 2j. nL»i 5_JL«x. (j-&j 

CjI_j_Lj_«JI OJUfc JlLa jj^ (Jj-ill (j-o JJJ-° (jr^- (jdj^^ I'm Ij •(Jj^'' J LtaAJI 

j-uL-LLJt oUSKJI j-b^: U-L.^ 4Jbil asp^tl ^1 SjLiVI VI ^1 Lla 

^J^-Ajullj '" ' J rt **'-^ J 4_j_Lj_<a^[ I j^paLuv 2lj O-lim tj\s>*jijluj\ ^—II-CjLujI 
» j La-u ■■" (j-JI Cjl_ol£Ltl (jM-J T'j'j-" •— 'Wji^y O^ ' l-^jl j-^ (j^ i-^LIi J^*- 1 ,? 
SJajutl ^^ 4_u&l_uJJ CjLuISLIIj 4_uJL«ji jJiL^ia (j-o CjLj£j_LI 0JU» J^ ,_jjJiej 
Si <i i ii U Ljj j-cSLjJ La .,3^-IaVI w I c (j7i j <" l-^-il i— i-JJ *J-^' i_tJe-t-J (jj-i^- 
aIju»JI <_P=j-o <■ ' j i ii" (_pJI c^J Mycobacterium leprae i^jjjJ ajj^uSLijSLlo 
(j_a j_i_iSL!l r'LLajj i4_l>JI 4j»- i mal (^>c Jlj-«-4J I j~ c I j j (jVI (ji>- (j^Lxj V 
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Lif><}J 9-1.13 jS.i.nJ I 

OjL£ L«-^-o 4_ol JLC. 3^Lo (_gl (j£, Jj-aJ (jl (jSLxJJ .jjiiJLI ^ L^-jj LJ-ijI 'M 
^ i i*i i ii " (_£j^>.i_J 1 1 ^ ' II «L>.L>. ( _ ;r 3 CjLcjIS" CjLij|^£LlLI (j^s dJLjjt (jl 3jjjIj 

• (20) u^ 

(lLLujj'C i ii2 I (jiajjLv) r- (J-ojLLj^ (j*-<* 3^H * <J*^ sJljO^JI diUI m i .iVIj 
L^_lJI t-LLso V (jH-II cr-^-3 '(JJ-AJ-II CjLuJLo ( _ ;r 3 t_ij jG (^iJI Ol Lj^aujAJIj 
4 * i ii i 1 Li ' a ^j I Ij) .i_JLaJo jl CjLjjJaS jl isjj_to Ljj_uSLj 3_jI («iju Laa£ 
steroides dil jujij j*i m (^1 r-LLa_j jls LgJU ^ ^ » . t l"a ji£j_a j^lc. IjJjjjj^U 
CjL <3J^Lj^S_j_tl ^j^-> * 'j t(jj_&J_11 (_3 4_t_il j_ll CjLJ_j_aLLj_iij cL^jLita jj-^J 
jjLLaJ r-jl a--f j ta II j-ol •■■jjj' ; ^ j-23 (ju£'li!Lj LjjJI rLjjo Mycoplasmas 

3_Lj|jjLj_itj_lj^JI _sl_j.ll ^yJt <____L__l_j if I I 3 j mLmVl 3-ul Jl*JI jljJtl jl 

_j_o 2 !» j . ■■ j SjLaVI » j^" ' ■■" V sLp-^l ojjt I j is lj ._j_jjj.ji.I_j cjLLujjJIj 
CjLjLiJLII (j^ J^JjjIj i nILa . I gajS^j _^J9 3jj£jlU j.IjJ.1 d i nil 3j_uS" 3j^ iV .slj^. 
.sljj.l_j j » ui II (j-Glj-jSj 3j^A2JI i_alju^^l ^yS (j^LiSLIIj i. ■ uiJJI i_aLJlj 

3 a j * -^ J a J-i^ f ' "~>ll ^j J J ' lP_P * Uj" ' La^sbjj 3j->"_3 --lL_J-£> -i»'.^t I 
I j i l a j~ SjLiJb j_jj^ Cj Lj j__>i£j-a 4jLio~l (_y3 (Jjiiej (jl_jj->JI (jL£> llsl VI (O-gJJl) 

3_u^lJll -bj.^ttl jljll fljJI (jl jJal^Jlj . .((_^oL>JI Ji^ntl ^ tjjiw L»£ 
(j^ j_uSLs .cjLjjSjII (jyl^- \jJt 3' ' ""*..' Xi • ^° L^-j- 1 S^jjLajj (jljjj>JI «l jJLl 

SjjtjVI (Jl>Jjj i.i ul>JI (_ya (j^ i-rlll 3^La j^jjjlj i nil (jlr (_J JJuj oLjj UAtl 

3j_uijjl (j^s pljjl jl Ljj-uSLij j^JjjIj i ntl (Jlso Ljj_uSLi dJLutj -3j->"_3 jJL>JIj 

^r miJ (j^jjijj-jSJ I J (Jj^HjjI (JILa Cju^j^SjijJlj X lj p^ <a mi 1 1 Ljj^ajj (_5 (Ji.JU 

d I <i **i i n U ^IjJLIj A^t^Jlj .-.lA , ..Vl-^-, u . '--n*^ I gj Lj^-uSLJI ^j^->* 'j .(JjjILJI 

.(JLLlIIj (j\J>-j|jJLj2l CjljLc. Ljj"*\ jll ^j^-«_' A JLJf" I n" J^J .(Jj-l^JI *LxJ (jt^ 

cjuj^£LLa ^j^->* i «L<3j>.L^j-(jj^Jl I jla (J^ I Ji^>*j^3 tlA- 5 c*^ (_$ jJI-(j^LJ^aJI (J1>.j 

. 4_j^_aJl a^ o inll jcj>.L3j CjLLiIS iJJLlA (jl dJJ JLi t. lsc *ll ^£. JU Lvsj . 4jjIJI 

Ljj-lISLJI ,jjj CjV^Lj/ dili «_a dJLjjtj (_gj^ jjU. ^ia phenol Jj-LiiJLa 
3j^l>JI /~<l \l .'.-.I I ju ijSj ( _ ;r l^. Sj-iLJS (_Jjji.l Ljj^SLi LilLutj •'L'^ ^Ijj ' ■■; j i " 

(—L^Lijil j I i --» Q S jj_ll j i nil (-1^. j^l-iJI » -U gall I " ) (j^^. JL>-jJJ I ^j'^ jJl_J1j 
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(jluulllg OLigjS.i.nJI 

JL9J .j^paj 2l (J^. £l_o*}U aj <i 1 nil AC I j^jm 1 ntl _}l^o OjLS 1-4-ljJ t(jjJ>SLllj 

1963 aLc ijja SjmiLU 3>^ fluoroacetamide j-j-al"jni? jj^iill 3jLo o 11m 
C>K 2 » U I S « j j J a smarden (j-Sjl n . » Sjdj ^^fl J***- 2'a \l .^. « L$j Cj^Jj Lajuc 
dJJi JLLoj • l$J "* "*• J -i- 1 - <1 -^ LJLp-i aJVilimj (_gjJ3 Am 3-jLU ojl&j .Kant 

(_3 j_<j_ljj SjULI 0J-A (J-L>»J «L)jIlJ1 (j^a CjLlJ)j£Lua Ly^£- yJJ ' * "*~ (Q- 1 L^>Jl 
j_pj_j (j-o ilaJLfl 'Lj-iia I j 1 11 1 J^jajj CjLjjj£Ll1I oJUt i. 1 If lj . I g-Ac «JsljJI 
j^jl j inn jl ^JJ '" dh* J^-^ 4 q V <^> c ^!-^ ' " ' ' ^***' rt '-^i Cr^ A^LmJl jl^JJ 
(Jjjo L#JL3 I j'" |>fjJ 'j-^ (J """' ^ ' C 1 ^ ol d J • * L * a j' ^J-4- 1 jjJLic L^JLS 
(_^alVlll ^yfl ^j'^» 4_ua-&l 4jir->li»JI OJL^Jj .SjLja j_lC CjLjLoj ^1 jljAI oJUt 

d -^ CjuuiiJI ^j^** > (j^ 

j_uj UJ. 4JLa i^jLijj£LJ.I .U uul ^ j^jSLII Pj-^" ^^ I L&alJ jl jl*jj 

.jj>.1 jl j-ii^ J* a ) /JlgejJ jl /^J^ d JJ L * a£ ^13^3 ■ ajLctaJ jl C^vLdl gj i ii it J 
S^Ll^VLi CjLiliJl! <_>A*jj flourinated SjjIriU dJ/im^LJI jlj^s jl j^l jJ-uj 
jlj_o j_o J j I q JJLCJ (JjjLLI jl Cj_l3Ij_>JI 2 Lj it (j Ir w alJl jjjj£L!l ^1 
JljJL>JIS _}1j^ jl ' djS x il 1 iJI (Lcta^Jl (_3 ^j-Lmjj i UL>. 4a_iJl« L£j| jJljj-^jj^I 
Jgl Miil 4j*_uj Jirtjj jl (JLajj JL3 JaLLaJil jl jjoJIj Sj Lovj_iJ I _j u-J-i^aJ |j 

.Sjjj_UaJLi I g-ilc ^jjilj V cjLoISLII ojut (jl jiaj Ljj_uSLJI 
Jj-uiJ^Aj^iiitl Liiigluu (jlil LpSLJI (^Jl iJj-il j^ U^(jI-aLi>JI ^j 

w I c 4_oLc Ljj j "i *\ 1 \ I 3jji^ ^1 (_£jj>.| Sj-a j j i"n (jl I ijl»a-l j"j 1 i ■■ (JjJJJ 
' a x^ J-uajJI I j_& 2_j| j_, ^^ Ljj^i JL3J ,2_oLoJI ^IjjJJ 2_ajLlI.I <— jl i n"i^l 
JLlil I j_4 (j-^J i(j^ I i ii i jtl 2_ojLLo (jlr Lj^jSLJI t_ijjjG (jl i n'lVI pUallojl 
IjJs j_«_iJI * J k*"" ■■" Ljj-J^Li tiJLijt . 2_aLc <La^aJ pjjJajJkl ?^L>J i_al£ (3^ 
u mi _t enzyme (<uj_J>l I r mJjJL^j LaLj^Ls. (jV (jj I m i j tl Jj-^-j 



Ljj_uSLJI a JJt Jla Jj3 j«Jj . (j^l i H i j II i_a^tjl ,jjj I j '^ 1 « penicillinasejjijl . .1 m 
(jy\ 1 nijtl 3_ojLLo (jlf 3_,jjJ,| Ljj_uSLJI Lol .dil jii 'ill ntl (^ t_i£.LLai! I j J 1 a " 
A J '^*J I j ~ U ,". . I 1 ^J^~ (j-* ^-* J lj jj 'jl ' " ' 'tl ^J-ij ^>"(JL»" (Jj C^^'CT^ 

oLlUjlj-(jLojjV I J 1 a -»_' (jl (jlSLaVI (_y^J • L^J (j-U 1 nijll i_3^ijl (_^^LflIu Oiarej 
' - J 3 rt J LaJ-ujJI j j al 5 * 1 < " 1 a ^~ Cjlj^£Lu3 (_l^,-t_£i_jSjjl (j^a cLgjLmxA 

(jjUeIII oLb^(jl .3_ibjJ,| djjjjJI oIjluIIj ((j^a^Lij^Vl Jlo) (j^a^Lill 
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LipgJg-ugjS.i.nJI 

^yfl j-*jj (j-"J' <j-° 3J^-j-u i ^11 * j' a liili ^-°J iSjsLc «Lo*}U S-J^JS <LoL-u 3jLa 
lLLujj-jSLJI (jiajiLs. (_^ 5_ll JLo 5jLU ( _ ;r 3 20 d"i mil (jjjL»_L!l CjLjjj_jS (j-o (J^ire-o 

(j1jjL>. r'jLi. jjjjL^t-ul «U^L>. ^j-a JaAgeJ ujl < ni Cj JL^-"i i u i £)] pi LaH i ■■< gj aAjl 

.3_liJI 
d ii 1" -si I 4jjLijSL!I 4-La uiJjm » I taj. I (_yS ^Lj^Ia j o~ i .il (jl i_£jjjJLo c^J 
(_p_o ^^-3 I i c \l ,%. a- iVk- ij , I j 1 1 -»"" jjjJI 2_oLJI CjL!LuJI_j Cj L> jj£LuaU 
(j_« 4_LU_i-aj2j «LLu i-H^ j^-J L)' (J* '■" *>*-j r*j^-^ (j-° u!~ ' j^~ (j-* ^ **' ^^-^ 
tiJjJ-j (jJIjx iL^LiJI SjjJ^ ib^UJI ^LpJI djLoLCtl J°i Sjj-pJI «.L>^ijSLII 
iZjLoLCJI JSLa dilj «_oj .i^jLijj£LlLI ijjjliii <j-o p^jJlJI I j-& ^ < rr ^*u«-l! (JJLa 

3_jjL«_lSL!I t_ijJLj/2L3 .4j^>. j^ijSLII I j~ u ~. < I ^a 4jI uuj djiXjal 'Lj^-ll 

Jj-ilj-Iaj 4 j^_AJJlj 4_ulj JLlA^jj^JI ^l^llj CjLLjjjij-aJI aJL^jj l$j /^-<-tJ i-r-^' 
j| 2 a I LaJI L$_i AjLJr" 1 11" (jjJI cjjJLji^I ( _ ;r i>.j iCjLlU-kJI aJJt ( _ ;r 3 /aSLallJI 
dJJi j^c juiij 2j .4jjLijSL!I I j~^ j 1 a aj >. « If I ^^ 4^jI uiXa L$l^ i L^j^liiej 

^jJ^il^ J-jLc L#J oj^ *— ^tP" 3-iL«JL^ LuL>- cj L^i jij_LaJ ! (j^£jLj) cjLij^SLlLI 
w I c L^jjjJs ^j-tb cj Lj jj£LuJJ 3j_udJ ol <i 1 nil jl .(jj^al ojut L3-L0 Vju 

JaLiu L$J «_3jG (jjJI S^LLaJI (_^-l^. (J J LaJeli 4_u^C 4jj_2j£, JjL-uJ aIjLJt" i nl 
JaLiJjl I j_4> x_3J (Jjxl (j_o Ul ,,^WI ^^ L^jjjl^ liilj^j i^JuiZi (_>ijl 

2^jl ij^^ 1 -<Vj •»■••. tL aLlSJIj a^lll » j^*>~" uJ(j-ibJ i4jS l. iSaSJI I jut « L>-jl ( _ ; ^LI/ 
i. 1 j 1 nil I J-^J_J .jJ^U^'^l (jlr SJjj^e^ J-f^- 5_uj^VI (J^jjLSILj JJ-JJ (jSLal (jr^ 
^j a " se j Li^lS - La "« (j^tjj i_JL«J! ^ liJjJU V JjLt jJjtj *Lp.Vl oJL^J (jl^ 
t_gj ui j II (j 11 i ->J1 ^ij^>.j_i ^j a j x J Lo-J-3 I ''^_ ' J *^l5 d *J. Cr^ Oj'j-^W 

-i_jL£JI IJut^JjlJlj Lo jj»j-LlL«JI tijLoLSLIIj ^L^jVI (^k: L&^thLj S^^Ij^ Lo| 

t_xj|^>- 2 j \l .^"aVI L^a.^J^u jj *C j n II j «3j vl .-^"aVI Ljjj-jJjojj^LlLI » ^ n i n"'^ 
Lo-^Jjj^IiSLJ I j <Lic I Lc-aJI Lo-^J^uj^SLlL I j 2_aL»JI ^ se i.aJI j»^k (_^-3 4j*j^Ij 
(jjjjljj.1 ^^ ^-^IjjJJ I ^ I f 1-, , ,1 j I L^JI ,jjj jai.jJLi 1 1 jj>. joijtj 2_j£.|jjj| 
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(jluulllg CiUgjSUaJl 

*JI p 1 « II (^ 7" ^" w I c ' t-J-Ia ^J^i-a 4_a_jJL>JI jj_S (-r-Aj . CjL*-oL>JIj 
_a-l_Lil jJLjjj . ' a 1 u>l I LuLLaj^j 4_i£ I aliexi (_g JJI dU j 1 L^>.^Jj-iSJ<JL] 



. I 1 j Lu *_«->JI ^ U5^d ^-° l_5 J - u ' LlJSLIj 1 L#l£ 4-iS.ixLalll 
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aLSLvVI (jLi L^JLi/-5_al_c 2 *■■+; 3fc^\l tl ^jut 

I j'^j-^^l <|~-». VI i_j]jl i ntlj CjL«ji1>J,I (jlr <LoIjl!I 
jj_t_)j .cLlaL>. CjVL>. ^—a d t-Ia L^. tjj^j Lc 'j-^& 

(jlj i LsJLc (j .ijl ■ _i La 1 1 a . i_JaJI lJ J2 i<i)J)jJ3 Lij_i£ij 
j j'a .doctors SjjLS'jJI «u-j\ djmjLx^i t;r l£. (jllaj Li£ 

CjVL_>J1 jj-a JU>.1j ( cjL>- /- 1 c fO_L«J 1 ^j-a 4-Ali3&jq 

( _ ;r ^.J>l (j-o <l j se jjLLII 4_p.l_Ll! (j-o J-&J . 4_uLcujVI 
aJ-2Iu u^i\ 43LLLiLjj joJjlILi i_jL*X.VI ^1 sLLuo^l 
JoLX-sl (j\J lJU^-A^jjl i-r^"(J'j La^_Aj. JLu IjU Lt-o 

(j.3 I j i nLml Lai mi " si (jl <ij_<^>. (j-o Llj>. jJ jJSill I 
jJa }L!La 2 j._. ; Ull jl Sj^jjJI ^LajSUI olj-uit^ 

x_ljL<_u1 {jj '^<- ^—a c_<_Lajl 4Jjlj-a ^—a I ^ tlaj JL^tj 

. ^ ' ( n m-« 21 JL) 
i>j-S_j Itjqv jj— ^-^ * **>j ' " ' '- ' ' ' " ' ' ^Laj-*-* C)l 
(j-i a Ea a rt A I £i glf a I ^Ltlst LtS ^l^oj-u (^pajJLl «UL>. 
(jjjLd^ej-joX. jj (j^e-ij .(JjjLJI 3_aLc (j-a aI (jljjjJI {j£ 
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(jluulllg CiUgjSUaJl 

JLS Lijl JLu i I j^J^"*-" jl 4_lu3j_L! 3JL>JI 0JL& /T^»Lc. ^1 i_2JL$j Lbe-l-^Lxjl 
. (J^jSLj^LajI 4_uj jl 4_u^£jl '"*■ Lea il III 4j_u1jJU j-a2l J) U"i i LaJ_Lc ■ la ajelLi 
d j o it 2L1 -n flJ la Law 1 (J^-l (j-« (jLlLozu Ijijjultj (jl (j^-o»jJ^-uj)jS j ° " (jj^ 6- ^ 
Cjj5J-2j JLa£ 1 (j . U 1 1 1.-1T ill ^aiaajl ^ , , „ ',]\ f.[~t-uA\ ( _ ;r 3 liili ^ 1 -r"_i Li£ 
(_3 cLt^a Lit_i ifl j— lj>. 2l (jj-aJI ' d < a * (_3 I Jl>. LLjIo* LcJLaj Ll^^J^_ujj£LJL1 
(jl w * J ' Laj (_p=!j— 02I i_JLcl (. 1 j 1 11" CjLij|j£LlL! (jL liUj) ^ j j La II L#jjI^>. 
3_Lj_g_a 3_)L>. (^ S^.UII j^lC. Lo. jJ^u jj£LlL I liJjj JL3 I J-A (jjljjJI aI JjljI 
(jL£ lilj .i_jLiSL!l lj_& (j_o 3 ^ -w\l tl Jj .^.Atl ^ ■- . ajj Li£ 1 La Jo. ^yjl 

■^1 j , „VI j ^c Ljjl Lajl ( _ ;r «-«3 (jl (jJu m V 4JLuL>JI ojui (jLa i4-ulaj| ( _ ; o.ljjJLi 
^ys (_palj_a2l» ■- 1 1 ' c (j^o (((_-ol JLoIl ))-alc *L>.^j-p btll «LaJL9 (_£JJl -n se ' ea 1 1 

*JJ ' a ' ^J 4_»_ilajl Ll>.^j^_u^)£LlL Li fclj (jl J ' la-All I JL& (_3 (J-aLj 1 i i nJa 

( _ ;r Lcj iCjLoJJIj (jl^L>Jlj (jLcujVI ^ (_paj_LI (.in 11" cjLj^SLlLI (jl *ij-»-u . .. 
1,1 1 1 n" (^-i-JI cj Li jj^LlL I itajLa (j^. t_iLjSL!l I jut j-^ (^-^ '-"'^.'j o' <j?j^" 

i_JaJI ^-3 5,^,^-^-11 .j>.|j_t,| ^ i. 8 -, t j j (jl 4ji£: i_gi '. ,_palj_oVl f-l>il 
3_i_j_«_o (_palj_al CjVLv l_L& jJi j_Lu/ LajIj .3_c|jjj|j (g« La j ■ j I fc-jjLaJ Ij 
j^e_i I '1 \j -j -«- 4j>.jj (jl t—lLjSLII IjLA ( _ ;r 3 I ijitji 11J . L^oxi ■■" < _ jr IlI I CjLlJ^SLiilj 
jl I j j a j "' J lAj I uui I d J^J*\3 !>Li^al CjLjjj£LlLI (_p3lj_al CjjJU>. (^^ <■ ■ 1 1 nil 

(j"i j »" (j-iJI CjLjjj£LlLl3 .(JLtS J-^. 4_iSLIj i J A U~, 1 1 jjjs (j^J (jlajj^l (jl 
L^LjLc (J i"i 1 n~ ( _ ;r jtJ iCjLlLuILj ( _ ;r jt LxjI 4jLjlaIj *L*3 (^t^J (jLjuVI JJl>. (ji^. 

AjJij Vjl L^sLj I Lj i"i ajl2j (JjLiLI ( _ ;r 3 (_^-Aj .«i_ajdlj *IjJ>JLi Lajujjj ( _ ;r 3 

(jLvujVI JJJ^J ( _ ;r 3 iJiJjLJuJ «Luo2l ( _ ;r 3 Ljj'i'C jtl ^j a « J j .(J^UoVI (^rLc I'ji'i 

«LjL>. ^-Jl (-j-^j-J tijjju /^-Aj (j^i^aL>JI ^J ' ^ ATI ^^^ (JJjJLtd Lai i ) '"*' *J rt '"'^ ' 

^j jJUJI (^k: (^Iljjij (j-ltl LpSLJI (jl ,jjs /oi:jJLij (SjiiJll Jj)Lu) JaLClII 
LaIjlcI otJL^ lJ)l-i_LX.Llil jf j_L>JI ~ * U 1. , j , „" (jl (j^Uj «LuoVlj («jJI 

V 4_aLc ^ Ixaj 4_J_LJ_LaJI CjLijj£LlLI aJJt (jL3-4jJ)Lc j-;LC aja 1 ^_' 3j_Lic 
LaJUx. La x_ii L^J (JjSLj (jl Jjilaj (Jj .(J^LLaV C^ JJ - ^ L?' LgJuUJ 1- ,1 ml 
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gcuLacJI jjS uliUgj^ ;nll 

CjLijij£LlLI oJUt ' ^j^-"J ''^'"'^1 ^'L'JJ^t!- _$-*-> jj'_P ^ C"*"" -it «JL1 i^ll^" 1 11" 
(jl (jj-i a^ i ii j J j 5 i a II L^JiLc ( _ ;r 3 j'iji" (j-d^ LglSLc «_o SsLoSLi <Lu-iAIaJl 

J < . ,^ I , v, ^pJlj SjLUaJI j_lc. SloUJI cijLijj£LlI.I 3JL>. diljj dju>.| lS^Jj 
jl (J_il_c (_J3 4 u 1 1 ii * )j)j£LJj (3 '"' ' L- ^-^ (^P^j-L' Cjjl^jj .4_j_>J1 CjLuLSJI 

«L_t£ j-^-u (jl * _~ ' " ' L ^ L >-^ f-* ^tjSJj i LcLJ 4_*_« <3_o_j£j (jj^-s 2t *=\_L*a *3-?* Cr^ 

iJjLkJI j_Lc 4j^-pJI pLajdl cjLlUx. cijrii"ii J \JJt <ijjl». tilj .pj^pjj 

(jl LajJalj (jVI jJLuj . Cj^xj JLSj JjLkJI (_psj_a cJ ui^ J I Oij 1 1 ( _ ;r J& liLa 
3 jj j t-» * 1 1 cL^jvjJI (j-aj . dUjJ slJSjjC (Jr L-alj dJSLc (Jj-2j (_£JJI (_ 7 -LuLL3j| 
^aLiJl ^J ^ < »%» tl ^qJLjljI _ I C /y-Lca-flJ CjjJJ I JLA (jLJ3 (JjLujI Cjj_4J LoJU£. 
g I call (qJLujI 1 JLA /^i^. JLoILtj Lr"*"^ CjLujjilaJl (J£ (_^=>jjLuj t«U_oAj (_ljjilajLi 
^ l"i 11 fljj i a 1 1 w I c I j^j^" (<u (jr^' dLiliALajl (jl J->«-i dlli (_^-l^J • I '-"*_'' 
*sJ ^pJI oLtJLalaJI Lai l( _L^3 (j-a L>j£i Li£ Lilj t, i j i n" Vjl >Lil^ Lit i. i i < n" 
LJLljvI (JJ-SLj J-JSj 3j J w j a L$jIjj£I (JJSj 4jj-uI_Lo Sjjj^j e>-^ ' '"^~'~ 

.4-tLa 

(JSLc (^^ jaJj (jjJI 4-U-tAlajl CjLijj£Liil (j£. *L«j>.LJ (_p=>!j_a2l O-iL^ lilj 
3jl_La J-£C 3j^_t-a. (_Lc- JL>.^J (jl (jS_4_LI (j-4^ ■ J ■■■■■* ' 21 (Jj 4_i_a £J^>" (r^ J I 
Cj VL>. ^^ I j_A J} 1 -* La £3 •iiz!* >L i lS>^ Cr^ J' (J5Ll1I I JLA (jjs J^s-I (jLCo lJ J2 

(_gjdlj Bartodella Pertusis jum "^j-^ ^LjJijjjLi (_,« mil t-ijijiLiILa -3>jj£ 
dJJj£j t »La- i^^/l li If I juc (ji^' <j-° <l1>jc (jSLxj t;r SLjjJI JU intl 1. 1 1 1 iij 
,3L>JI oLilglll 1.11m" (_pJI Streptococcus (j^j^jlu^" 1 .. » l^j^? 3 jmilLi (jl uJI 

C_4-JjLi_ul Jt-O (jjl^IJI Cj2lL>. (j_a «UL>. (_5 f^ylJJtl 3^Lc L^J 1 >^JJ .(j^jj^lllj 

(JjLujI (Jl^>*l ' aloigj LoJU^, (_pajjj <Jt>J^i L-4-iJj « LAj-tHj ^ mAj (JjLtJl (__oS_]j 
(«JJ 3l_j_>JI j_l^Ij_i ( _ ;r 3 (_p3j_LI Ijl^j (JLola^l i—l I caJ (jl i_3jJUI (j-oj lU^'a 
IjLjv 1— Lj_A (_pDj-LLi 4_jLt-aJ^J < J ' «aj *" UL^- 5 J' L^ * ' ^*~" rt LiU!i JUu I J se ■ ■ aj 

-(_^jjjlILi «ul_t-al (Jjl ju^.-p i n-»Jl (ju dJLl!i . ^ sj j ."■ ^ j^ (_^jjutJl j-4-i iJu_ijtj 

Laf .«0l_o~ 5_lSj f-LajJI (^Jl s^rij Lt^tJ Lajll^ f-LajJI (JjL-uJ Lut Jl^ (jL^ 

. jjlj L*^ L^jii^Lu i_aj 1 n'q 3_i£.L9jJI (JjLuijJI dJUt 3_u»Lo ^. 
..I ^~ 1VI !. , j , „" ^^l-Pneumococcus (j^i£j^j_4-!jj Jj-^- o^- 4 - 1 ^-1 j^J 
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(jluulllg OLigjS.i.nJI 

Jj^ LJLp.1 <j£-«j L»£ <f[sr i^>Ll 3j,„A~tl ^jLjJ.! (jjs-j^SLuji^lSLII ^jjjJI 
<_i i in" ^^1 urAj Mycobacterium tuberculosi j j < ..jJj-i^j-i^-u AjjpSLijSLuj 

d t nl ^j^ ^ )1 (_£j)j»3 i\jL-LJ^ * )Jj-S_j_a J_L>J1 /- 1 C (j"'J + i La 3_}Lcj . (J_ul!1 

Ljj_uSLi ^j-Aj .Micrococcus pyogenes Var.albus q .. j 11-j-Lia.^u q .."C^jj^Lua 
,-lj a^aJI I jjjl ai^j^» w<U'\ «_a-L^lu JLso La lj_u£j . Jj^LLiVI (^i^- SjLua j_i£. 
J_ol_ojJlj <_jj_aj>JI i. ■ i in" j] (jSLflj ^^1 Micrococcus pyogenes Var.aureus 

*_j>.j»j (jl (J-ilH^tJiJ . I ^ j ^ A rt >jq2(! I JLA (J-ojJ La j-a 2J . JLuil «L)JlL>. Cj z L>-j 
i"«\I j i^a^ jjlsjjiXl^ '. (_^JJj(JI i. i j i nj (_g jJI t_!Jj£LJkl 2 (JjL«JI (_y3 J-J-»3 ^1 
JliJLsoj 2j ij. i .^tl f \j A.^tl CjV)M-uJI i>Ji^j ^jJLuil sUJSjjlJI ^J-tJIj ji i"itl 
SjLiiJIj Ui U-aJl (j-o sLbi 4jL^-(J! ( _ ;r 3 j-u (<u ii_sL$ILt 2 Ij •» alaJl (j-a Ltjjljj>- 

. 3SitljJ,l «Lul w ui jl; jJjJI t_jL^iJI jjji f-j-LlI Ij-* (jL dili ; 

Vj i2_oL«J! CjIjLlJI 2_3LtaJj ^I.Utl Jjl ju ^ 2ijJU>JI 2j-».^tl JjLuijJI (j-o 

(>lj jj_a (jJI jj_a ,j_o LjJ^. j mi* m LpSLJI ajjt jl ^ ^LJS VI dLiJ 

Cj L> j|j_SL<_U J_ua 3_c|_Lo LLal i ,iy\ £, i"i '<" ijUi (_^Lcj . Cj L«jij->J. I J Cj^L)L«JI 
JJj (_ll (^>.Lal1 j a ' nil Lot . ^ 1 1 n i Jj^l^j (-3 Lt-Lqjv Lxjt-ij i4_u_>tJU 4j^juJ 

jlSs (jJjVl 3-LlLSJI j»bVl J>U. sjI>£JIj ^ LlLJI ^ lUjmill jjLpJIj tji.~\ 

CjLuiaJI (j-o (<s£j . IjLl^ (JjSLj La LJLo*! 2_j^jiJJ CjLjjj£LlLI ^j^juuju ^1 (_£.}Jj 

I j uui j i~i 1 1 LjjjSLi (jl QyL^*j fO-Aj 3jl>.Ij 'L^-j j-»j tjjj^l i ii U L^Lc a^ r,<\\ 
(_gLj_aj_ij "j_&L~JIj Lojijj (j^i-jjLi ^ 3ji^>.jII Escherichia Coli lS^J^ 
(j* (j-3 3.jj^>.j_U (_gVj^ I j ui j^ j mijV 3_j£.LUI 2_o~LlII ,j-o 3 ~ ,1 U ^i ( -, ,,i j t 

(jJS sLa_CJ_o 3_j^_«_a Ljj_lSLl «_iiaJLl dJLijtJ . ^!la (jJ-J (J I <i i"i (_y3 ^ I ui ij'^ 



Cj 1>.j jj^jjIjLJIj ajAilllj jLa^JJ! <- 1 1 1 n" ^yll! dU" ; 2_L».jLi>JI j^LJI 
I ^ i a (^Ltj (jjJI 2j>«i.l ,_p=>lj_a2l (jl j£jll ,jjj ojSLj jLCj (jSLIj ilj_JjSLII 

Cr'! i^"J-^ '-.'!<* VI (jr^ Crd^ iSjjLua 4_lu3j_o CjLlJ^SLLa LgOJ-i ■■" z (jjj^l i nU 
V )MjLc 3Lai Cjjl>.j La-ilj i<Lj1»JLI 'tij-'JI (jr^ 3jL»^3 j-i^ ^^^ '— '^jij^t!- 
->Lc^VI JLa_a ^1 3Ji_>J i_3j^tj| (j| (^J jLv jJj . La J Co 4jX.l_La •» 1 1 aJ 
-3jjU i^j^Lit^a MjjJ i.~i iinU i«LcjV! Jj^ (j^a I JL* (jl ^jLail Jl£jI (jl tyl^J 
(JLqJ L vl (j_a j-_j_±S JU>. (_J! (Jl5_i (jjj^l i ii taU I La-i i ■■ ) LLujij i_LILlA (jl '"■'"' 
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4_u£,j£ dJLut i.~i i <tA'°t . 4-UajsL«JI Sj^jii! (_JjJj>JI (j-o p^-LJ1 I JL& (JS-4J -1 £' i\ ' ■*' 
4j^jiJ,| .-<! j| . U ,'^VI tiJJi s LuI jjijjjtla i(jl£LaVI jJ^ Sj j < i a CjLcjjcj VI 

2ULA2JI ^L/Vl J}U ^LlUI <ys ialj^V! ^Lib <j? o^)" c^ 1 o? ^lUaJI 

j^i-Tj iSjIjlJI ^ 2 Laj i ■■; cIjLlcSL] <jSLlj }lla <LlL->JU oLJ,| c-jj mi'U .jjJjVl 

3_lU3jJ,I LpSLJI cull i_ut JG (_g JJI (jLSLLI ^ Liibtj (^c LuL>- Usj^tJl jlU 
(2^-j JJ! «L»_i^> 2I 4_i jj ju I j < v> » ^ jjl I ;^lr jlsj . SjLua j-^ U3^ LoJ-^ 

(_gjl_o» 3JL>-j . «_«Ii->>J. I (jj-^id ''J J " ~- II (jr*-^ 5^.LUI i—iLx-i^sl (j-o (^jJLkJI 
OjLS JLSj lLIjjj^jj ^ cLufcLU Cj-iL^ oJL&j t u-JaJ I Ttjjlj (j-3 Sjj^i'i « JijjLuJI 
ty-& O-jLS L«3— Llj tCjl—Lj^ iti*M (_£ tj\j&jj^a z\ £jja £jjj!j£j\ ^jjju M ) 1 a rt 

CLdjL-uJl I j" ' j rt (—Jl SjJUlJl ty\£- C^J-L£i\ J-^3 Oa-*2_uJl J_U3 d ' . ^"»- rt 1 J , ,.A < 

L$jl_> i_aljH£.VI '"' , '^' a J lT^>- i*L>oL9 Ijlj-UsI 4 iiiua SjU" 1 no -I <i 1 ul 

4_LoL>. L^-al nn^l jjlj 4_uj/ (^uj .'i.fj li^lj _j :=e - 1 '-~im jlsj .t_^cLlL! jji 



42jtj-aj Jua 2 I iU-iiL> 4-lUx. I j !S Ij . 5_) i.ij>J I Cj I J Liil Li 4Jl»"ii 11VL1 ajjjlll 
. LaLx-l (jSLtA ^ 1 uAj (j-»irtJ ii! i«JLtaJI (^,ji.i (_JJJL«JI (_LaL>- lLi^ L^j <_ij>.jj V 
.j^psjjj CjLcj^"i I no <yjt (jLxj>- 2l ^J^** > (-^ ^JjSj-^jLt-aJ VI V-CjL)1^_j_>JI ^j! 

3^>-_5_<s_jJi. 1 ijr A^*l\ l-lj-i mj (_gjj I -Brucella abortus (j^jjj-il I j . ..jij-i i_ijj£Lui3 

Pasturella ^JJjjVjj ^Ljjj" 1 .1L1 i_!j|j£Lloj i5_ui/UI (_paj-o '-.'.' ' ".'"tl^ ' "''VI cr^ 

-Lj_4jijVjj u a 1 in dJ'ritl jjjji 4_iSLIj jjLJ (_P=>I. '.. ■ 1 mU jj»j-tularense 

/J dj * 'J (Ljjj^ojJLS ^—5 ^-.uaj 2l » )L^t- f i nil Jli-a) (_pojl^_SJl ^j^** I (-J3 ^jJa^ILa 

-(4_t£.^LoJl ^-^u^l) fQ_flJ1j a JlojI j^paj-a ^jt Lii . JljJiJI ^j^*~ «l^t_uj ^jL-uj V I ^—11 
-A^_Lll j^paj-^j . LiLo^l (jL-ujVI ^Jjlj J^-«Lj_tIu LL I tj\j 4_u_u^)-i£ j^jj^. 3-Aj 



59 



(jluulllg CiUgjSUaJl 

3-jLj i p jd SJoL^j jl im'iVI ^1 J-2j-y j-Aj i Trypanosoma Lojj^JLjp ^ «a i nj 
(oJUJ-^_J>-^ c-^9^' o'j-f- 1 *^' 3-^3 (^Jd-^J- }-^-^' ^-°' 'Tse Tse ^ . .." ^ . .." 

(^j-iajj-d jj_« ^J dj ' ) 4Jt ^jJi LaLdJ L_aj)j-*JL1 jj_« ?r w ^ I Jl^B-Ljj^LII i.mmii (_£ j-ll 
Lualj-al lUj j& (JJiij ^^pa^jt-JI jl QjJL>. JL>.j LaS (_pa^jt_Jl «UaL_u^j (^^Jajj-a ^—Jl 
Salmonellosis u-ajjllj'jll 1 nil (_p=j-o (jllajj . 5tj jdl (^-aa- <j-o Lcl^jfj 3j. "JLH^ 
jl 1 11 *VI (_gjuLJ jl (j^-4-i (j-jJIj 2 j \jAj~tl 4j^m ^jjjlI! (_^i^. LaLc La-mi 
■ La ' It a 4 y uXX\ ^Jt ^jjjul pJjluLaj i(pj_u1 1 JL& jj_« ^^paj-a S J^_ J J/ 
jl jjlalj * ' La Jl (^^a-u jl Cj^ltl 4_u2uULI ^j-U «lLaL_u^j ^^paj-ll J 5j dj i LJLo*i 
I 111 1 L4-1I i La 5 a \ j ■ >i 1 1 /J& 4-al JL^-**n 11I fyit-UJ da ul (_>^a-u jl_i *_iuiJl si ^"<~ VI 
. «L_La L_AjJ_t^a_a * i**<" jj_£L«l JjjLu 1 j Ld L) d feu ■"■ ^ys\j^a] £jja CjzL>- «La=_uj 

. I JL>. Jjm*^ jJajJI I JL& (JLdis.1 (jl *Jsl^Jlj 

^j-UJI CjL)J)j£LlL1 j_S_>»J j t- LAj-uSj i-A) J » < ^> j'j .AtlS-^j'^jlj^lt £)S-4-SJ 

j liJLflJ I <j-<-J JoLxjjVI jl 1_*£ 1 L^-LSJj jl_j 4j^jiil 4j JLkJiI CjVj-JI i. 1 1 1 n" 
(Pasturella pestis q . "1 . ..; M-jjj'iuLi t-jjj^Lui d u mj (_gj-!l) t;r LojJI QfcUaJlj 
-1 ;Ua-*JI j^£.LLaJI (j-o 1665 aLc jJ-Ll O-iLc JL9j . 4-iiejjLj 3_)|_<_u^ jVI J-* 
.£ i l_ajJ] j^-cLLaJI rftj_u1 3-Aj Jj^j_u2l Cj^ILj L^jiN ( 11 t. Mr I J_(_Lo* C-tS-JJ 

Ring-a-Ring o- (_^a 1 JLaJaVl 3_<_Lc.| jt (_pa^JI JiZUjj w ^ - -.^j tl jj.^.ll 
i_il mi<* VI (j-o 4^Li (jl (O-CJJ (_^ll (jj* Mill ' -JaJI (j-o Sj^aia 1 ■■? ^Ir ^j La S-roses 
«L»_jIj (j_a j-J-«J !il La 4_jjj-Laj j^£.LLaJ1 «bLt-al £jja (__<i_>»j jl_AJ Vlj 5>-LajtXI 
jl£La (j-o '-^^'^ Q^.LLaJI J^uo jljjjJI jl jtJsl^Jlj .4^jj£L!I (Jirtlllj CjjJLI 
,_pajJi.l (_L3Jj jl i3j_<I/LJi.l 4j JLkJ.1 (_Lal^j(JI (j-^ jlj^ill OtjLC.Ij-1 Lai • J^i-I (_jJI 

( _ ; ^o. ( _ ;r LajJI Q^LLaJI (Jlj Loj . jLcujVI ^1 (^jjlkJLj 2^1 .^l I (_p3jljill jj^j 

jl JLcl jLiI-iaLlLi^ (^ 4jjjJaj« jl Jijjj i Lu-ul ,_jiaLLo ^j^-«_' (^ Ij i"i" i a a^jJI 

J^Li- foLo^ t_i>b>. (^a 3JL^ 2000 ,j^ ji^l i_aLi^l ^ jlS^ -<_jL^J| |ju» 

CjLa Jl^j j^£.LLaJI I j j x • aaj i_ij|j_>Jlj . 1965 aLc (jjs ^jVI ^1" i ntl jj j •"■ 1 1 

^LiljU.^VI siLSf ji^II <JuLjVj (jj^.1 ^ 1 947 j=.Lc (jL-oJl 57000 j^iLLaJL. 

,J^L2I^VI jju 

^jJUul CjLcJj^" i nd (Jj-4-s ^Jjjul ^LaL>.j d|j i ii-»JIj CjljI^_l>JI OjIS l!ilj 

w I c I *j j' njj (jSLxj V (_£_)j>.VI (_p3lj_oVI (j^ I^jlc jLa i3j_uS jLo-l ^^ 
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(__g^L«J1 Jij^Jli 4_uj/^j_LaJI (_p3lj_o2lj 4_lL-uLlUI (_p=>lj-a2l (jl JJ-iJJ .^re-Ll! I Jut 
j^jsejj . p^**( [ ii a jl tc-UsIj (J-t-a I L$J (j-oJ-I Lk^s-iJ m laid ' *> lj (Jl AuVI Jl^j 

t2r<-jl i-aXI 4jj>L«JI cjL«-a_u>J,l ^^ (j^LiJI (j-a j>jx. Jkj (jl cjVL>JI ^jut (^ 

» )Lu_u2l jj-o iJJLLAj . (_£jJL*J1 CiLc-J^" i n a q^ \ 1 a i 4_jS_j_Lu^I (_£jj_*j l_a_ilj) 

* )J^£Lj_a A i i i n 1 (_L_uLu (_paj-a j_Aj-^j-AjJ1 (_paj-a (ju " ^"<~ v I ^Ag. (J_aj^_l La 

(jjlj-ojJjS SjLaj t>j i <■> -»■ I (_^>- Lijjjl <j^ 'A^J- dAd ("-'"e*-^-^ J' Trj"*-'- 

Ijlajvjjs (jlsjj.l I JLA (jSLj j«J La£ .j Mir (JjlaLJJI (JJ-iJl J^-'j' (jr^ C"*rH* (j-° 
L&JjaJL) (jL£ /jy-iJi 4_ujL_aJl SjLjj /^>" (-r?3-'-^' J^ 6 -"' (j-^ JJ-? 1 ^' ' " U^-> 

j ■ -■»*■ " (jl <_P=>j-i' ' i - Jjk J^a^J' 5ijJa dJLijjj . 1 769 aLc Cook i_dj£ ^fuLCIl 

joJL«JI (j-3 >j^>J! liilj) (^ L»Jj-<-U (jlsjJil (3^3 JJ JL3J '(J ' " '">ll Jl Ir-Vl^l (^^Lc 

3-LjjtjJI 4-<J}L-&jVI 4jL«-u JSLi j_u»Jaj]l jys~ ^\ (ja-ujjVl sLLiol (j? Juu 
J)jjJI (J-Iaj JLSj .Sj_ji.2l *LL>. I j_a j-J-4-i (jH-!' 4-titLtjlj chn i n-»Jl sLo^LJI (j-a 
'' gu^aJI (J^Ln. 4_] QqjI ' ea i ^Lr ml 4_LaL_u^j 1^ mti i a Ltiajl (aISjJI) (_£J)L*j1 
q Ifl S d * 1 (jjjJI t _^aLa- niVii . «U-aL>. CjLuj (_J3 LaLaj ^J Juul (. mi^Ljj (jl (j£La_)J 
i_i_3a_i_i |_a LJLc (^jjjjl i_JaJiJI ^^ <■" 1 3e 1 1 1 CjLLare-a ( _ ;r 3 (j-^-aLc jl LaLc 
(0-C.jJ! (_, \c «_uLvul 2 « i aj J}L>. (aL^JJI) (_£J>L«JI JjjJLi 4jL-oj^J /a^uLLa 
Cj zj_i (j^j 3jLjJU>- 3jjJ) jjHj (jl (jSLaj (jjo^j 4 nrii » Jjj^j llA^J '7"LU' <j-« 
Tristan Ljja^lj) (jl'inj^ 3jj>>- (jK m OjjI j^j .4K «_*1>J.I (>-i J>j-ill 
2jj 1 - — « 1 1 .-.I.IjU.^VIj j>j-JI CjVjJJ SJa^tia 3_lLiL9 (o^jJl! (jlda Cunha 

(^ (jL^jjJI JoLAJ J>LjJ)jl i. i i .M 1961 aLc LuLtajjj ^1 ja^JLSlil Jjlj dilij 
(_j-3 -1 j "■ j <* j I 4-j-2Ja_U I c-iLlui^I JU>-I O-iLS S-lLLUI i>jut JjJs -i j~ e La La 
,Uj; ,'^llj i beat musicc^uJI w ^j • "j " di!j) ^1 Lai •'^" i(<i^jjjjj>. ^1 SjiajJI 

(jl\ i iilLi (Qj>Oj-a »_a_ljt_a ^1 I ^ u^ * ij^ 4_) JjlII Cju^j^LlLI CjLcj)^"i i na (jl 
(jL-uJ^I *_jia_u_uJJ . 4_u_u^j-LflJl (^palj-a^l (jl i n iVI (JjLlIj LaJUX. I ^~>- 4_o_tit_a 
(j-lJI 4_cl_i_LI (_LcLij £j_i 4JoLji^j ^liLa Ijj^iiial (jjjjj-j^ (j^Lc i— 3jjuj (jl 
LaLc jj\j^i_UI (J^L>. I j I -v j j to JL3J i L^J Ijjji^I (jj jJI a\ i ii-v| I j"» ".-. 
i_La_u_u_JI ^j-aJI (JKj 7-jIj-ij 4_u_oAJj Lualj-al t. i 1 1 uj /jy-u' Cju_u^)-Lfljl (jl 4_LUaLll 
5-bl i>iVLj . 3 ii l*i -^e-a SjUJLC pl^Jl ^^-A ^lj 'ljU>-lj Lc^j i." i i njt Ij'«jIaWIj 
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L$ji JJ-JJ Sj-JJJ t£>^*< '— '^-"JLh^ '— ■ ' "-^J CjL-ujjj-loJI oJUt sL-ulj.} J_c£.-dl! jd 

3_<_JLiJ1 t-j^lS (ji^. jj>c fjj^jji (aL^JJI) i_£.sLsl!I j>jJIj • Ldslj-al ir.jj m" V 
3 1SLMI ^ jLuLnltl (jJI ajLiVI JjLs-Lu/ diljjj i»l"uitl (_ya S-^Utjj Lu 

. e-j_U3jJ,| Ijl^j (ji«JJ (jH-II 
(_3 » <lj /^-J-Ji '" ' "JU - * 0~* - 1-SJlC ^^ss-i (jl Jjlj^JI » .u gall i ■■ ) 

Sj^jLi. 2 A,^, adenoviruses 2_jjl*JI diLi-uj^jntl > j nil jl . CjLcjjiJ*_a iJii^Li 

»l ir^i ->■! ^^ I <j ' a <-2^C JL3J i,ji>JI t-sLgjJI i. i j 1 1 i"l (jl (jSLaJJ (j-Gj^UI Cr^ 

d - ' ' "JU - * ' * ^ **' ~" rt L^-^-J Djj ui^j «LuLu 1965 aLc 

(j-Aj ,3 I -»Jlj ■ a iVI 2 j ui c I (j LaJb (_gJJ! JaL>JU ^ jL>.jl£ myxovimses 
jjjjt l. i j i in L$Jl il jjHjJ,I ( _ ;r 3 Lu i .I i I felc <_3jjil!l J j i ■■_' (jj-II cjLu/jij-loJI 

CjLijj£LlLI dUjt£j '^ LLaaJlj Ijjalij2l CjL-uj|j_i£ I j iqj (j aj iajJI Lj^Li. 

j i eaj» z LcIjjI i_dl_LA (jl jc3 . Ij-j^laj 2u d g-u m cLLlo^. Lualj-al (.mi n" (-^11 
(Ji-juj Picornaviruses CjL-ujjj^tl ^am" I ju>- 2Ijm>* CjL-ujij_i3 (j_a LgJ 
^jjJI CiLmj^jritl (_)Ajlj J a uijj i rhino viruses <LuuVI CiLmjijjiitl p . n^i I j* ^" 
Cj L*_o jj_j_flJ I (j_a Lcj_i (J^oj^Lj da >i 1 1 £j i n I t_l!L_LAj .^^LjljI -ij-Il c < 1 1 n" 
«L^ojlXI CjL_uj)j-LflJl ^4^ 4_]j^_J1 CjL_u^-LflJl (j»a ^-jujl -n mall Lai 4_loj 2l 

(^ Laoj^vj-j j_j_a-Ij L^JSLIj (jl>J! (_y£ I ■'".'' ojjswjja (_j-&j i enteroviruses 
Jjb-JI . jL^TJ I u 1 1 n_i 4_)qj<J.I Cj L-u jjj-loJ I ijJ-A jiuja . dJJJL^ ^ j i i a j II SLjJjJI 

Coxsackie (^l j£a£ (j-ujj^ <j-a S^jjjJ,! (j-u^llll pl^j^/l^) <bjj i-qJI CjVj_JIj 

CjLj/Jj_i£ Lalj . (cLpj-La^l aJLajil CjLjVjJI ^^ ( _ ;r Sl^£j^ Sjiij (<u-uLj ^ a i nU 
2j...A~tl ,_£j jjlII i. m hi" w j'a (Echoviruses j^l CjLuijj_j^) Sj^Jiil JLalaVl 
4^*_lj_i ^jJl tjl i ii tVl (j^a-lieJ (jl JLi Vj . JJljJ La_i3 Jii3 'jj-^ '-. ' .' ' "" * jl 

I j * *■ (J-J-L2JI (jj-SLj 4JjLai Sjujlc LcIjjI cjLjijij-LflJI (j^_i liJLut ^1 LaljiJ^s 

■ '^ gL^jl i ii"i a Lualj-al u-u-i tU (jl (jS-a-i 4-A]It3fcjq 5j-uS Lcl^aji jj^-Ij * l-Luaj-a 

. I jlj>.Ij LUsj_a I j * " jlj>.Ij pj_i J^ i. 1 1 1 nj Otjp- j-ji ^1 cjLijj£LlLI <_a^L>. 

Cj^LcLoj (j-a p i n"»ijl d * * ' a I La 4_o*LJ (j_a * }Lu£ VI (^1^. t. 1- '* u «L^_uj i, f I Dj 

(jl («Jju (jjajj-^jjJI (j^j Lcjj (j-G^liu 2_jLi^3!mJ (jLcujVI (_p3jj>3 liLa . 2_cLm 

^jVl I j_a 2_a^LSLa ^ dJLLa ,_Lal ^La-^L^aJa i.'-ijl" V Jj^JI JuJs 4^:LUI 
(^yJLc . ^ j S" i ii a Jljintl IJLA (jJL: Ijj JLjjo i_3jj^ Lul ^ ilLiiJ Vj S 4^Ll!l 
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^—11 l^tt-ualj ^j VI tJ^^-J (jl t— t^tj j ■ i * ga *, 1 1 JL& (—33 a JLdHJI ^uLaj (_£ t. < 1 1 h tl ^jl 

.. La JL*. 
d axaj-l ij| ! LiJ-^o Cj-o. ji sLjla^I jl ,jjL»JI ( _ ;r 3 CjLjji^SLlU jaJj liLt 

Ujjf jLaJ .^GJL>. jl 3JL^. ^ VI tJIJj^J! Ijut J^ 4jL>.VI •-Sj-'u V 3^Lc 
t;r ju>JI 1. . j 1 1 "i u^\ Brucella abortus (j^jj^j? !M j ' "j>j Ljj_uSLj ^1 (JjJs (j^ 
(_psl j~^N * <-. < y " 0^ ' Lcjj mi jii^l t_ijj£LJi.l I jut (jf VI t(jl 1 ..'iVI (^ 5j>-jji1LI 

LaJUCJ . LLlo ^L^C JjjLsJI SjJLJI 4j£ ^j*- j^- ' O^J -0 J^J 4-JjiLll ^^ (_£JL«Jkl 
td <i_i i"i 11 /- 1 c j ■ gaj 2 * ^jt ^Lu_oj)j-jJ 1 CjLj^S-La -S^>*J '. f I m'^j lLLJj CjJL^j 
5) 5 ul f.\ Lca-^l 4_lSj Lai . «Lal ^>.j-j ( ^A-'- > ^' (J-?-^ J ' ' aJ L^ 4 -^' J '^* C^J 

i.~m^ 1 .1 i^jLt iLijj/ ^1 1 ^ .^."Xl j^sj . Lu-uu t_ijj£LJil (j^j *^L>- (jjSJi jj^f^'j 
3jL«JI (^ ^ j 1 ..jj-jJLa .(j-um JLLo dili (^ (. ij mil o^JjLk-oj Harry smith 
*JJ ' a ' 9-*-^ L?**'*** d u 1 ' *~» II sLjjJjlJJ j-t-aLuulj CjLLusLLLfill jj-a -i J^. (-J! /7lj_>iJ 
lerythritol JjjjjjjjI ^ a 1 n" j£. i ntL 3^jji'ii 3.}La jljll oJL&^j^ 0-°J -<La-j-»- 1^ 
i_jLuji 2 d aj '"ill ( _ ;r 3 Sj^jILo I j !£, jj 4-ul^.pJI 4ja- 1 mVI ( _ ;r 3 Ij 1 1 11 1 3j-sL (j-^J 
Ltj .fjj-*.] (j^Lol (^3 V iiiJLut ^jJjJI j-*-SJ3 liiljjj . Ij^ti- L$J ila-pej V 
j—b a^I (Q^>*j 4_aJ_oj /ftj Cj^_4-i «LilJ3 £yuL3t\l <(3Lj_>Jl ^J^>.)) ^—Jt 4 oj Mill OjIS 

•JUJI 

LL 7-jjJajJI (_p tc-usIj (J!lo (_g JLnil ( _p=>L£>-VI ^ ^M_uj/^jJI jjJ j j 1 nri"j 
La LJLc. ^ <Lul>JI ^°i 4_ujj£Liil (_p3lj_a2l (jl ^jIxai (^JJiJlJI ^o^j^j ^ ^ 1 nj 
IjjJLy" 1 nj (jl ojjjLlaj Smith i.^mo 1 11 iLoj/^l c.1 Laj 1 ■■! Ji^j . d j 1 1 n ^jz (jj£i 
( J^jJ)j»Iijj-]V1 S^Lo ^yn^s-i dJJ!iJ p i n-»J1 ^—5 1^ mm i a LaLc ^1 j 1 nJ)j-J1 ^ysj^a 

«_uaj^ ^^ cjLjj^LJil jjjJjj .(JLlLI Jjj 1 11 (j^Lc. 1— ijLallJI cjLI^o^ ^^ Li^,l h^-> 

dJLijt Ji^>-jji 4_JI r-Lljo Lol JLc. Ij LaJic (j2 i(_p3j_U vijjLso LxjjJ i^ali. 
j-A (^J^l 3JL>JI (_;,!£. j^i-^l J^ilj • -^5^>° J-^C- < L*>^J I'jji'ii ij^ jl lU^'a 
(^ (_, Ktl u^j^a (.in 11" (^lll Corynebacterium renale JLJLjj ajj^-uSLujjj^ 
3jLL 3_i^>Li- 3_alj_j, l_^J ijV 1 La S a (_, Ktl ^ LpSLJI ojla jjsJj .5jjiUI 
. J^JI cjLJjSLa,jajvl S^UI i>JLit jLilcL^KII (^a L^/Lj/I j^PtPJI LlJ^jJI 
j_lc £btj£j Lu^i ijV i^jLijij£LlLI j-*j>j c^p- iS^JLill 5JUJI ^ic J1LI Laf 



6$ 
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^1 j i iitj a^j J^jjlu-j^i£ ^Jt>^ 4 (J^ 1 1 nil * i^jSuX\^ . 5>-iLa3. 4_]L-al JUu Cj JL>»j (j I 

J^ip.^1 (^ 4JSL!j i5jpJlj 4j^U.I oLJ.1 ^ Lc^j «jLi Chlostridium welchii 
j la j|) »lj j Jl Jj-»J (j-3 o a <J V <Ul (_gl (^Ij-ik V 4J^/ jL^> j-^c. 4j.}L«JI 
(j^ 3-j^>- (JIaj Spores j«_ljIj^>. ^-U-j i—ijj-SLJi.! I jut j! VI (^lil! J.^Att 

i_i_Lj i. . j i .( i- t _)-l3 a I (^yl^-AjJI (j-o L^jjj.qj JILj 4^.j|j_>J,l 4j- i ii t^ilj . «I_^JI 

I j , Vs I j S 1 1 jjja ajjIJIj i—jL^IlJVI 4_JI (.g-ijj La<- JJ ''J J* i-Q-ll SjjjsjJ! 4_i£.j2l 

^1 Ajdl mJji^cj (_gJJ! (j<-a- i nS al jlj JjSj JL9j . I Jj a Ajdl (jLjj_4j/ (JjL lijjjsj 
j j i a * (jl jL>. LiJLi 7-j-^-JI (jL£ ^J- 3 '• i-ii-I j-l S-^t^J ^JJ^i' 3-?" uuVl 
/o_lj!j^. jVI ir. I'Vj _jjj . LaLiJ 4_Ljlj_a V ^LaJLlJI 4-a- m'lVl ^ Jl^jvVl 
Ij-J-Ji (JL>J1 CjJU>.jJ (_j>.jL>J1 Cj^LlII (j_« «L3_}Li-a_« ^1 j i iilj ajj Jlj^Ho_o^LS 
<L?- i ii l^U (^ ' " \$-v *U-*_uiJ! 3jj JLtiu 4-aL_u 3^La /tHJJ (-r^J ij^M CjJL>.1j 4 L$J JU 

d " U .' Ti— i— j L 1 !j-A a! ju^'n ill (jSLol jlsj ' kuJI 4^.L<jia (_y3 L»jj_4j/ jujj 

^ aj I LtaJ I j_i£. 3_oljj»^UI i^jLijij^LlII SjJLS (_gl 4(jUaj_4jJI r-^^c- u& 2 'J""* 
• (j-l^a- ' "-jVI (j-* I J 'J ' a i (_^aJLu ^—ILJl <La- 1 11 1 2I (—5 ^-<j_(jl ty\£- 4_]_}ljlJI (Jl^>. 2 1 

^j ^ ojLi (jl (jS_4-s - 1 966 aL-£. /j-S j '"' > j-jj-t2jJ 1 ^ . u-d ^ )| Uj , ,.tl cLa- 1 n 1 ^lj 
^j^ • 1 (_3 (^L^jS-jI 4J11 1 jl^-**( i 11I (j£L4-sj 4 1 j 1 1 n 1 «lcj_4_uj L$j2 I j^** tjr^ - ' " *> I 
Lj-lISLij LgJ Sj_«jLlil ^jjulJI >Ij-^>-I J!>L>- iiLIij 3_uLLj_<^JI 3-a- uuVl 
I jut j . 3^Lc SjLUs j_lc. (_yjkj Clostridium butyricum jaSLjj-u^u Ajjjupjj^K 

lilj . J l.3 3 j-J-»J (_psj-4-a 4JI Lbj-i-LiJI ( _ ;r 3 i_ij|j£LlLI £^c (Jj-iUl (j£Lxjj 

V 4_LSLIj ^jlILU aSLJ jj^o ijJI jia L^JljUJ Lol^o <2jLijj£LJ.I j^j ^ jjUI 0^ 

^IjLc J->>J (jl I j j ' »J Vj tLiLtala j-fC 3^L«JI ^5 (^yjt !il '. Cj Lj jj£LlL I (j-aiej 
d i i i nj M-jLxfu-a (J-t-al 4J ((Jjj^jLLlIjI) jlj^jl (_paj-a (jl LtjS .j-lajlUJI 7c_t-a (jl 

(ji j-»ij 5j>jJI (_y3 i_ijij£LLa j j'a '. Clastridium tetani (_gl_JLLu ajj jlj^" i »^K 
(^^ 4_flJ '^ lu 4_jj^£LlLI /^J-y (<sj 4_oIjj» V •» j i aj L^J2 =L>-jj_>J,I 4j>- i nial 
4>J_A (__5 (_^ia_jjJLI 4jli^_4_ij j^lSjULI (_pDj-LI t. i i i ii i l-J^-^ I o ( ii A-y- I ii 1^1 4>J_A 
(j-3 i-i j i ii II jj& IJL&J . jljXJI ^p^lj-c:! i_i_<ii£Llj LoJLk: U5lj 5JUJI 

(_5 Jj_utC 7-j^?e_] » )L^a-A (_£2 (_^djJLI I JLA JUJa Ij^a (j- 1 ^^! /T>^-*Jl ^3^-^ 

i. 1 1 f V i±jJUa_j L*£ 3«LaSLi sLL^ajo jj."" ^ cj^ til *1 f j'j-^' j' L -^i>" 
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gcuLacJI jjS CiUgj^ ;nll 

(l6) .^LVUIl* (-kj^l JLiU 

I j_a CjVL>. <j-a (_JJ-I.I <LjLc botulism ( _ ;r J_Ll^ : u^JI * a .."ill <_p=j-a i_P-4->J 
Clostridium jc-LJa-uoj ajj JUj" * 115K (j a 1 inj ^Ij-A V [lit i_jaj£LJi.lj •f_J-^' 
Cil ilia (_fl j-a-y LaJlj ij}^ 3 ^' cr^ (JSL*tl1 (^ j-«-y V j-Aj ibotulinum 



oj_4j (j'*- 3 * - J-^J . 4lajjL>J,l iiJI a 1 nalj A^itill ( _ ;r 3 jl ajaill i f l <i 1 ntlj (O^tlll 

(j_a L*_Jj»J_U ^J**' 5 'J i(jl I 11 iJ^J 4^^JJtil A^ <j I iltl ^3^1 (j-a J-«J 1 M I nSflJ fi^ULl 

. (jL_uJ2fl aJjLuj LaJUx. Ijui cL*_oAj * )j)^£LJj ^4-i-i 2ia cb^Hjtj I rt I * La (JjLuj 

Cli_irs_) O-aJLdJ JL9 a utlaj I - La ^~*» (_3 4IuJL>J1 (J_iL_uajl (jl *JLIaJl (j ' "^ (j-*J 
JLua (j 1 a -»~ 1 (jl I ijlf (jLd i_dJi X^J i^jLiil Ij-lLj AJ_Ja-L^aaJI (_p=>j_a pr j 1 ^ I 

. fC_LjJa_ua_J I £}\ 1 uSaj 

j_ua iLcLaj ( _ ;r i p 1 11 ->JI t_<_<JL<-ul (j-c 3j_iLc cjljLiul ( _ ;r a Lujl>u jJU 
i Lc^j Sj?< a 3jL>.VI (jl S Ijut (.j-i-'-a L»a .(^jjlkJI j ua IcLUIj cjLkij£LJ.I 

(j a 1 ,i_) ( f«£>Ji Jj^l .plaji! ikjjaj. 4j}Lj J^Vl Jx p in-yU jl jJal^Jlj 
ajj il_oj ^l JaLie-aj pj^sjJIj i—sLnlII ^ JL>._aJJ ((Jlrtill (O-lj- 1 ! = ) f J j_i3'i^ 
Jl^JLjLS p m-»Jl (^3 (jJlUI J-LsjJI Jai. Lai . LjpSLJI (j-a j_u£ a_>| j| 3ji^>L>. 
Cj Lj l^aaJsJ (jo^J La «Lt_tlul «LLjJt-a ■- 1 Lgaj I «b^_a^ CjLjjS iy\^- aJjI *l^aa^l (yJ^ 
. ~A ^ aV I j , V. » ^ n , ,,jij . ^jj| jLu (_y3 (j7ij<"i al^gjl" 1 m (IjjjJjIJ-j) 4jJ_jI 
3_lj>.jL>. CjLijij£Lui 4jI p ->>j~j J£j <La-<JL>JI (^ ^yAj phagocytes L^LJJ I 
j_a^>o (jJI 4jJLl!I "kx ni'iVl Cjjl i-La-uuU r>^- iiJLa- I iLs . AjJI jLu ^jJI JLaJj 
.(_JjJj(JI J "->l 5..V <~i 1 11 a ■» j 1 aj liJJJLij ' kuJl (jlSLa (jjj Lijj^ CjLa^^LII 0JL& 
^^j^UaJI jL^>JI ^ a 1 11J JLcSLII Oj-2-a Lj)M->>JI (j-a jL^>- I 1 eaj I p 1 n->JI ^JjJ , 

LJaLp^-l sLLa jJjj (jl p in->JI »jU*,„j reticnole-endothelial system ^ < Mill 

.4j>.L>JI JUX. i^jLa^^UI ,j-a 

(^-A I jl !>LiLa ;»jJI {J ^ 3_jj_l1SLJI (^jjulJI (j^-!j iIjl>. q u> I jut J^ 

( _ ;r jtJ iCjI_j^^SLj_LI (j_a (j\j^LiJI Jjlj (j^j^Lill I g-Lc CiaIi 4iejjilj C1T1 ir-il 
^^ (_JjJ_«JI (jlr p 1 n->JI c-iiilj ' "J^' a -J-i^i CjLa^^UI 4^L!a 3>^ -sIJlcI 
(jr l£. L<IIi t jU"n,n V oil J-xtaJLi ^^ Sj_L».^JI ajLvVlj S Jl^-Vl lilt Jla 

cijLcLa^ <^jjL$j! lil .U^a ilijjiej iJiiSUI ^jj^LlU j^ilILa iSjI j_JI ^ J^Vl 

Ljj_1SLjJI O-iL^ jJj . I JU>. I 1 ajj a (jLcujVI ■x • ■ aj Jl5jU£.j i4jJj^(I p 1 n->JI 
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^Jl 



(^)LS f- a '"■■ 1!il Lot . ^ju-uj 2l Cj^_4-i jJlS i^!i 2l 3 JU JLtlu Cji m i nS^j p^JUij 
«_LLa JL3 q\£ p m-»JI (jLi dilj iLsuj-LJ ^L^tiJLill J-LajJI Jaj» ^1 4jI lui (^3 
J ^ I A~" j » jj| ^^3 ;_gj 1 11" iabtibodies S^LUall *\ 1 n-v^?l ^n < n" 5_Ll«-o CjLLujjj 
CjljJ)j»S_jJJ 7t ■ ' *-»"j *i_pJ ^-M - ^ C~^ f - * 5 "?"^ j J <LjjLiJ1 Cjuj^S-Jj *_« 

r .' ' "* -J * 3 " d (j-^ /"»! 1 aM II (^yic j_<_ujij Ijj-La (J^I 5JL>JI i>jla ^^ 

0JL& AJJU (jl j^)^- 4 -^ . CjIJjLj Cjljj^£LlU 0JL& Jlxa '- JL J-'- a ^^-^P* f*^-Jl J ' *"* rt 
JL3 J-j (_Jj^>.| LJLl».| SjLjJLC dilji i ill jl > U^a jj j •"■ <* « i a ■ I LjLjjvl 4x.l_til 
CjLcL_La JJ^j ^LILa .3 >Q-Ld * > lj -ij-^' ^— l X3 J L)' J^^-'dL? 'J-* 1 -*^' (JL^ 3 w ^ '" 
^ la alaJI (_palj-ol (j-* 1 La^jsjj i—SlSLJIj d . . ,-»-^ll 1 _ , , , ,," L$_Lu Lc^j j^JUu *j J ' a 9 
(JlLa (jjjj-L^ J i>i 3x.LiU (ji (_gl S lju>- "LlC^J 2_c.LiUj .j_«j<JI J^Ia 2_cLio 
O-ili ^Ij ijJLala 2! (JIjI/ (jjjj|j_i£ JLca Ja^ 5x.l_Lo t _ 7 -Luj V i_2l£JJ! (Jjjj(_)_l9 
jj^j 2 La-lqjJt I 3_cLiU (jl . I -1 jjK (j-uJajJil <■ ■ 1 1 .1 lJr tb 3_JaL>J,| CjLj/j|j_LiII 
3-2jjJa OuL£ J-3.3 . dlljj SJjlSJI C^I«LliLj,V! <j-a Jjij ^jJLjJIj jSjII (_£jJ-»- 
jj—ua 21 ^_gj II- ) 5 ul (_£jJL>. jjjj^j-loj jjjjLJI ^IjLct (_& (J_i-a2l (—3 pj* 1-»"I1 

J^ L? Q-*J LSj^-^' Juua iyuju^3c-A Lcgaj] p ;g'*~» » (_£J-!iJ .< JLiJI ^—5 4_La 

j-i^. LgJoJa 4_o* 4^,jj-a aJL^t-" i uj ^jjJjI JLua B.C.G r- . ^yu .* ) Ju AaJ-IalaJa 

Li^ 1 |_gjl uai\ (J jL-i-iiaJI (jjjJ! J-U3 3x.LlLI CjIjU>.V (jjJ-!l Ljj-uSLj jj^ SjLua 
.CjL_uj)j-L(2J1 ^j-a 4jjLu3 j-i^. 4_o* 4J^1j_o^_A ^Jl AuVI fjluj JLua juLui <ju& (j\ 
ix.l_ill CjI jLa-*i 1 J-iill^ lJ J2 4jijS1jx w &J- J ' a fl^-3 " I c 2 A,^ ,-2j ,UII 2_i^J,|j 
d la aj se rt t -^'j *-& j ' 4_jjjJa_i Lgjq3 (j w u Cjujj^Lla ^jJi^tj j^pajJLI JLlIs 

J_U3 (j_2_>JI pj-i-ll !j_4 4_Lj_oI (j-oj .^LcLlLI (J^Lflj 3jlt~niit (_j-l^ ^jJ-^J 

. LjjH£jJI jl ijjjljiS 2_jj_uSLi (_p3lj_al 
I a Cjlj^j-S_lL1 I ^ * * ■ ^-" i-H^' t^liLu-tiiS flail JLua 4^,l_Lli I 111 u (j\ J^S-4-ij 
JLij Sx.lJj,! aJJt JiLo u 1 1 1 "i^l (_gjd! J 1 a II j . \-£-u±Jli CjLjjij£LlLI jlUs jJjjj 

/ I Q\ 

I J_A J-Ii-L IJl Lea rt >1 ■ a rt /^ 1 11 1 jl 3 il La rt ,"«l * ^ , ,.Sj" ^^Hjtj 4_il 4_Lc 

j—5 ^-JLjJ^jj^aJI /q 1 imUj jj^^lLlLU 3jl LaJLI (JLLa rt al Jli JL^-" i uj a . ^ 1 nS^lJI 
tfJL^_i M-jLj^jVI j U ^- JlJ^. [VjIj !--> II CjVL>. ^^ a JL^'i 1 11" j ijjjjl aI 1 h-vI 
J_ca 4_«jlj 4-^.l_i_o CjVLsJI 0JLj» (_p_o ( _ ;r i (jiajjJkl '-. ■ ' """^J ^>J .(_p3lj-o2l 
<U^3^-JIji aiSLllI (Jxa ^j'-^^J <J ^j "JJJ ^gjl^IaJl J-i^, 1 JLA^j^ JJ'O Vj i(_paj-HI 
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(. il<* i (jl^ LL (jSUj ' I fei^ J -*-"y * ^ ' '" " (JL*-^-°l r*_5i^' c^ 5 * lj-'_jJ-a-'2lj 

JI i a " »l (jl-3 (jl_j^>.2l t_i_Lcl (_y^ (_p3lj_o2l oJ_4 J_Us rj* ' . * -~ a (jjjLjJI 

^—Jl (_pajJJ ' a a -»" * )l • *-»l I ^—3 '"■ uL> ^—A Ijl (jjjLUl JlJLct jj_a 4 ♦ a ■*-**< i nil 

LaL>. (^\_]^_u^L>. a! JL?-"u nl 3 rt 3-^ 1 J-Aj . 4_ujj>. «Lcl_La 4_i_l^Hj j j iS JLx 
J-ILa_l j^paj-tl /7^_«J aJjI i_da_u (j_a /^JL-i ^ » a~r"i i nil JI < a rt 2( 1 jj_a £oj 3-Aj 

2 ,,^^tu i^jLiI i^U JjiIjjJI jl <_aLSLJL] (jul <^U jLiSLII Ji-o) <_p=lj-aVl ojut 
w *-. ^'J"? - * lSj^-* lP^j-*' <-h>-* j '^"^ II (j-s oj^-3 dr^* (^LuLt 2I 

aJsljJIj . ( _ ;T J>._aJ_a-u jj£uX I J-t£. 4 ft^"! iJLi jjii 2_cLlII Cj^LcLoj 4-j£.jjj 

w 1 c 1— aj » "i 1 1 <l>-LlLI 3j_^>-jJI 4_LljjijJ Li LjLo~I o-ijijj 4_i£.jJJI ojla (ji 
o 1 ^ 

(JJJjjI ^^ 1964 aLc >j ^j" II (j-a ' fl-pe a «Ljj CjJU>. JL9j .CjLijj£Liil 
^j^-> * 1 * J *a 5j *1j^>- (j-a ^tlll * J la Sj 4J1 Cj^oJj ^jJI x^>-j»j t. m i nil ^jl 3 J'^J 
«l_Lji (_Jj^>.i *L>.j-jJa_a (»J->J OuaJH^ ^jJjlILj 2 J 1 .^.11 A 1 U 1 1 jLaj^l AJ->J 
J->J.I rN 1 ** <JV <— iL-jjij-SLjJLl-LiJLI jj 4j*_uj-Cjj_<IjIli1j . 2JVI ^j ■•*'•< I j « J La 3 
JL3j . . 4 jlr ) Laj 1 "II Jj3 2JL>. 400 (j-a j-iiil i_iLi^>l IjjcoILa sLij i.~i u 1 nj 
^Ir w .^»" . ..j j| t 2 iii ,ijll cj^I^j>JI (j^ 2 .'JT'' 31 1 nli ii L^i^ 3jl£L>JI tjjl£ 
i±jj l"tl (jjs SJlILJI <L>.jJ_JI c'jjl ^Ir jl^ ^li^^l /«jaill jl ^Ha (jjj .^".tl 

dil 1U a ji Cjj-^Jil 4_uLlJI * ijL^tHJl (j^J i U^j-u ^ JLu (j^J (Q-J *j 3 la rt jt (Q-^.j 

Lal_a_i d ajl t u jJLu OjIS i_AJL>.j ia^-£ul Cjuj)j£Lj_aj 1 JLaX. Oj^oj /^Jl ^^^-^l 
AjLJS («_>J j-Aj-^JlX-kJI j J LtaJ »l lq^Xi ■■>! t_!^L^/| Lai jj j •"■ Sji^j ijA. 
.JJJL21II (^Jl ^CJlJ C1jIj_iL>J.I JLaX.1 (jjs !>LaX. liilj^ (jL^ 1 Va--«- JaJI cGaJj 

Ijlc: La ^jjuJL c!j>LjL«JI i^j^-I jl>a! j-j-«->- '..ij'^l JLiLI ,_Lu^ (^i^j) 

La jii^l (jSLIj . (I^ji'i L^-La (JSL-J («Jj <ULtXI jLoj^I AOjJ <*J^ 4JI j^Ji I JLs-lj 

^a_A La_il ^jJUljI » )^j-S_j-a jl (j_a Jj^-»"tl jlS ^^LtJI (Jj>-jjl * iL^tcl j-jjj 

(^.3 | i^al 1. 1 j 1 11 II i—3 1 mi" Si (j^ tf^Lj La j<u i4_uaJL>JI LSj_Lal (j^ SJ^Ljj/ 
U I «tl JJ>-p (jr^ (jJj^KJLl rq-SjJU *LLI j»ljlitl<jil j»JLC J-Aj '• A^till (_JJJLC 
i_jj^SLlLI SJ^Lj^/ (ji^. i_ajjilll (<u Jl^J • 4_ujJj>JI LSj_Lal (^ (jlir^al » * • a 1 1 ( _ ;r 3 

LpSLi (j^ 2 atlaJLI ciV^ 1. ill (jL dili .^ \l .v.tl JI ,^^VI ^| jLj-"n.iLi Lu>>- 
2_o_bie_a S^Liaji Lai m-v? jJjj (Salmonella typhi (_gLijLj ^LujIL^) \jAj*.tl 
2_iiliJ,l iZ^i^X ml I 3^l_UaJ.I JI ua aVl (j^i SL^aa. tiJLijtj 'J^J^ '^ Cr'i 
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. jJ_J (J I a i"i ^yfl 4ju>-!j-«JJ (jjsjSLsJ! (_£_ajiil j_i2LiJ,l ( _ ;r 3 sUojjL-s-a 4^jjjiil 

<U^1 i nS I j^'^ lJ3jjl"J1 •k. 1 1 <a I jjjsjjl ^uj j_a 4x.jj-a (-r^ J J ' a ~" f 5 - 1 -^ij 

i«Lj_)U cLnj-a a I Jl^-**< < ill jq_i JL9 jLS j!j) 4_j_Lujj 4JL*_u^ 4_u^_L>J1 L£j»j_al j_a 
(22) 

j^a-^^a-uj^S-Jj ^. a i n^g . (^j-uSLj jjjj^j-loj 4_]Lt-aj^J 4J^L(_uJi 4_lLL9 ^—a 

SjLUall *\ in-v^?l f-^Jj a \l .V.1I Jl ,^WI »_a J<- I A"tl ^^fl CjLjj|j£LjII S-ZjjJa 
dJLl&j . antigenic patternj CjI ^Liall CjI jJj^s ■ ta -i '•< I Ajj j la ^ <_u m"" ^pJI 
aJU^I 1 11" 4-j-jJa 11 J-^CJ 4-uIaJ I L^pS-Al a^LUaJ.1 (JLi^a^fl j-a diLcj^jjca 
CjljJo_a Ja 1 ' )) jl . I j o j . .. "' " j d A I *■ >, t I l1sLjj|j_SL<_U jjy-lc- <— 3j-*iU iJa ^' a 
«_j|_i^52l '"'I i Liaj f$-ij d Jj; '"■" j^>-a-! >^-i LijiJ^-jii I j-a 3J!M-j-u (^^ '""'I \l .%.! I 
.£ d IAj A-» ^ CjLa_i-a_Jl jl JaLaj^l 0JLA OolS ji^ d J ' ^ > "" ' (3^"*° C?"^ 

. 4jLtU 3j-u£ <(t_<-] j-U» (_^-l^. I_2jJIjJI !_ySJ^ Cif I l-Qjf La jl£La 
£jl III" ll ^ U ( ilj Ca3C Mf~>l jjJSj-ll (_£ S J^/*'" P UP J ' ' a rt iy^£- J|J) '•>! fC-> Ltj 

3Jl_j o-jj-Lj ( -J -j-II *4j^-" aj-se-L! I «_o Lj^jSLJI (jjjLJI (JjLjj jl^s . sLx-Uslj 

(_pajJJ j^j-j>.j CjjJjL\j j^paj-LI ALu>i CjLlj^S-Jj dtL>-^ LLj .^tlll x_jla_dj 

^Jl <^> *i" . .1 jSLal JLSj .aJ-$$ sLx-Uslj 4ijjJaj L$i£ (_p=>lj_a2l j i""i n Vj 

(23) 
jljjjl j^Jj LuLLajjj (—5 Sj-JLt-a jj-u /^ 7t_L^LlJI cLLsL-u^j ^ilLa ^jJL>JI 

J SlL (_gjJi^JI (jl i_3jjj(J,l ,jjj (jl^ I jlj .jja-Tj (j^>. ijlJ 'LuIj sUyLi-JU JL3 
> i"i"i '( 1 ^4^ 4_lo4>Iu Jjla «L)I ^1 i <^_u JLul <ij_u^^Llu j^^ajj-a (—Jl ^^^ajj-a j_a 

Lx^a ^jj|a .Sic (_p3j_LI I jl^j SjLi^sVI t_!^Lj/I (jLa (_gjju>JI 5JL>. (^-^j i^jjijiil 

<LjI i ii a dJl i n a (Jl AuVI j I , I, |j . g j \ i ii" 1 1 cLoj^Ja jj ' ^-" j£, jjjj^Lc LtLt^tj 

i_i_Lj^jJI j^»-T J!>Li- (_p=j-I.Li 3_>L^^U SjL12 dJLLa jl jjujj . La j^. ^l 

lj_u^j.J^Vl ^yic (jJI ^ uJI SjiLII i aj^al!3J .i~.lt j>LJ| ^ lLUJj ejj^jjlj 

jl (Q-Cj-J (JjjLlII j-a ■— «^>- /^ J I 4J_jL»J1 (-J3 Ja-A^ JL>.1j jL_ujl » )Lt-a_] La 1 JL>* 

(JjjJa jjlj Laj .(oJju La_i3 Sljl i nU aJi^ (jt-^- l?J Jj> -^ 1> jL " J j " -^ l*JlS JSLII 
(jj^j-LaJI jl Jji1>J,I jjs jSUj . z^ja-a JLaJa^/l Jt i". 3JL>- lJ J2 ^jJLkJI 

.p i n->JI cjljlj^l jjLcuj t_iL«l!lj (jjjLiJ^LI i_aL>JI il J>j-!L> L2JLc l^>. Jj^iitA 
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j^palj-al /j-Aj tMJLjJajl 0JUJJ ) i"i**i n m laid I * I J 4>^' *— 1 X3 J cl* J^J-tl (j-*J 
A^yjz x_j_uaj (j_a J-j^\ i n*m «La£L»«a 4_*_ola£. (jl L_3j)jjtil (j-aj i^jJUtJl 3jU juiu 

(j_a «bi LaS .* iL^tcL] 4_ul 'jf> < *-»~*» I uJI (J-ulSljJI (j-* *-a->J j^paj-Li <- u i ill JL9 

LjJ_«_a t_<_<_>JI (JjJ-Lo ( _ ;r 3 JojjL>JU <_2L>JI JoL>J,l JlaJ (jl LaLa-! (J^IL>J,I 

J-J-iS l_3jjljj . JL)JL>. (j_a (_£jj>.| 3j-a (- 1 <^-> 2I * iLt-saJLI (_£J-*J JL9J i ^Ljols LLaj 

^j ■■ a i «Lj1 jJljj La-s (jj k* aj -»- < jls (j-"^ ^LLtlu (_3 (Q-^jI '^^tP* ^^-iLtJI (j-* 
ij-jj-jl (^1 j 1 11 qj-i (j_o Sj ~ n 1 1 (J!ni- (jLjul ^1 (jLjul (j-a Jj^ uJj 1 - 1 -*^' 

«Ij_*jJI <_a^j al i_gjj> (j-o La^js jo^jLjJsIj jo^jLS ju^sI ^1 d j 1 11 i I L 03^ i ' ^*JJ 
^ (aI^JJI) i^^IjJ! j>>jJI iiiL*ij| 3jo~j cJjl^- LajLLta dili «_aj .(>\_t£.jJ.I 
j_iL>J,l i_ajjJi> ^ jLiiliVI (j-a pj-iJI I J-& jllkj (jt (Salisbury) (_gj_ijJL-u 
(^Lsj-JI) j>j-jJI (jjiAJLi Li>. 4l5L«JI - u A", >, . J^a . !jl>- Ij j • "<* j-a^l cjju>-j 

(a\£j) J>jj CjVjJJ Luajju j_i£l u 1 n-T-'q ■x j • aj L^JI a I S »I"i uJI dljU lj i""i i a 
w **' > '~ * - c J •O*' C - "*""^ ^- J >-^ > *^'' t — ^J-*- 5 * (JV 56 - 1 ♦ 5^ i"i**( i a (JIajJ «UzLbs_a 

(jlj ijij-jJ! j i~i" Lj LLL>. I j I ^ »*.,,. 1 ^jjJI 3jj-" Jd- i '-" 5 c^i ^ _ ^ J o'" 1 — ^j JU 
*"'N 1 4X1 ij-^-" j' cjLjLiill (jj^LL^a ^^ L^Lojj (ji V L^JI <n~i ill julj L^Sjjaj 

,j_o CjLijj^_Ji,I (_j-«^=J (j .iU<tlj JI < 1 ntl ilij (^ Ji^j-jII JaLiJLI (^Gjj_ij 
^j„s«Sj"i >.".,„ Ljj'i'C n ,_jl>JI (_JjJi£. L r Ac.l > '"'"'Jj 1 al A — ^- 1 1 3J3L2JI jIjVI 
(j^ ^^ ,_£jjij(U 3jjL* i^i. I 5ijJo (jSLIj . 42jjJaJI j>jut J!Ai- Streptococci 
(jjjLajJ! Q^jLi • a ui^Lj IjUt ( _ ;r 3 (. ij 1 nt I (<i^ ^1 L«^ 1 d j ^ . V> j 1 1 SLiill (J^Li. 
j LaaJI I JUt ( _ ;r 3 (_^i>- ^j-i-Llj ( _ ;r cLa_L>.VI Lc^jJjj/ J^>- (^iSJl (^1 ^£. JLJ (_^JI 
tjftLi 1 11 1 LaJUX. JjJjLIILj I *$ j 6lft^I ^jj la * 1 ^^J-Ii jjjjLiJI t. Ac l^ . m 1 1 111 f^se t eaJl 
Jlj 1 n jj-a (j^^^VI «bl_aj>. J-Aj i 1 JLA ^-b <■ 1 i i nil ^ji^jJLJ (Q-Aj ' ^j J uilajLJ jt 
-(JjLUI qjs Js) J)JLC: ^a^flJi •(J J ''-^ J, -" j' JUjJI OJUjj i^JJ! uJJjI! JlijJI 
3j_>^ -"U!-^' *— ''jj- 5 fft-^-ll <n"ml Jjlj ja^jjul Jjji^. p(jjlr (jl-lj-u^ ij\£ ij\j 

-L^jx. ojjusJI (^ ^jJaLaVI (jj '-"'S ■ v» ATI jjl L<i^ Ljj-uSLI! Julia o-J!jjJ! 

I j ■ 1 c 1 tJ3^J (jl j^*- 5 J^J CjL_u^)-Lfljlj Ljj-tSLul jj-* 3jjl£wla 4JIiS (_& Lajl 
(j-a lj>lj)jj bLa^Ja (jl (jj£jjj (jjJJl (<ut (jjjLiJl (j-a JjiaJl (jl (^ix. . L_Lu3j_a 
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^LljI '"« ) se ] LI 4—11 i ii a » )&li-iiu QJ ^J ' ■■" ^-*i J-t£. Jj^jj CjljljJS^Ij ?UL! 

Ljj- j l T l S -i 4jj1j-aJ1 LiJUjUu-u^K tl jj- Cj lx.^-<5j5E_a i J_ t-£ a_flj ^jl j^S-4-ij ^ .,1 U«tl 

.* llj-l^l j^ia-lLS-aj (JIjJlj^JIj ' aJLmJI jj-a '^W^ °J3^ ^ J ' O - * Ly"JrJh L ±J- ui 

1j_& (Jli-a UL>. Jj^j LuLLajj-l (—3 0l-jJj CjIjJ.} ^jl . «Gj>o J J * 5 U (J^>- Lx_dJ 
djLjVjJI ^yfl^Utnuitl 3-aljjJI oLjrijinll p Iji! (jl jjL>JI ,jjJj . ,_£ JjJ.1 ilijJI 

-3jL>.lj 4jl3J 4-JLj (j-o jj^I *ULl 5-olj.J u^ J-*j-«J (jt-^' w 9~ c ^-0t!- ^'' SjjtiJll 

(jjSij C^J^e-J 3 1 1 '^" 4_Jj_Ll.lj 3-aL«JI oLlII CjIjjJ i. i If I (jl-iii!!i (^c ^ ■ >»'■» 
I i ( uLLq j^a\ 3-Aj '^^r^' °J_9^ L>^ ^ ' ^^ * rt ^>^ (j"^ L^^^ ' (J-^l-La (_P 3 »l 4^-1 
(^-i-KJ 4_cSLIj i JU».lj CjJSJ (^ (j-G^jjJI (Jl <lt~ I ill lJr £ (jLuLj-J (j-t in-r t~n (jl jl 

UJ'V ' ' k - 1 - 1 -" (j^ J3 i ii* aji^ 1 JU aJL^-**i i n i (jl c_t^t-i <>Lul SjJ-i (J-» '"' ) (j-* (jl 

3^jJiJI (j^iAj ^^ (_gjLj2l Jjj/IJlaj oLj-LI *— ''jj-^ ^il)-^ *>^^ o' • t r j y ?"^J 

jl La I (ji^. j i"i"n I JLS LjU-uutl ijJIjjl (j\£ (jlj .i^^LJI OJLA ( _ ;r 3 pda-gj j i"i"i i" 

jJsj .S-i-aLij ;< mVI j^LJIj 5-jSLjj_oVI 3jl*iI.I cIjLV^II ^ Lu-mJ j-^lj 

p o ■ a 1 1 Ji_o*^JI Jjlj C^-uljUlI L9jJ JUj i nil (-^ j^jJJ t jl-4_t_i_ul_LLI i>jL^j-CjjL>.j 
(_j LLajj-iJ I p3-t-JI /^-A 4_o-jL>Jl (j^SJJ (j*CLS tla ^j-* ^-^ 3-^J * d * J ^ * rt cLajj_Laj 
^^jj/Ljj/^I (_paj » I I 4_«-3Li J-J-C I J j i lit I j IS. Ij) SjLala J-^- ^jtcLJ (_gJLiiSjJI 
jjVI M^jj-j/ -il-ij^ lSJ-II o^^' 0^" P>^' (>*^ ^LjLxl jJI S^jJaJI Lol . (Ljia 
(jl£^ l-^JJ •CjLtjj'^Jilt 4j!iLiiII JLjJlJu (jl£ (jlj 4-L-LkaJI iLajj/Uil cLi^aSLi^iiJ 
^1^_11 7Z—L&] gL^-j"r i^» 4_jjjJaj I o j rt ', 1 sell i ■■' JU£, ^"^ .1^11 ^_) 3t_*j_>J1 I JLA 

• t^juiVl JU-Cl^MI 4^LUI 

(jLS' lil VI r-jLIaJI JjJ-1! (j-3 Ljj_l1SLi tiJLLiJi (j-u-iia . U?<a ^IjLui (jj^i 
Jij^JJI Ajlitlij/I Jl^j .J^jJI (_Jj^*ji 3LS jl 4_JSLII ^^ (_JjJjij u I i a a (jL^uVI 
-, -,l j A ,':." ,„ 1 Ij 4j>.Ij^JI ^ 5jJj^/I 2-» - - — T 1 jljIjj /ajJajiJI Lister ijJLuioJ 
^C 4 o i nL>J1 4_tjL>tj ^j^** ) (-^ j^ i nja («JL*_« ^J-tl i nS r-jLLaJI J^aJI aJL^-**i i nl 

ij^-^V cr^ ^ ^ ^* " '~' ' "^ (JjLJll (jl (_j-l^ • l^>- 3Jj^j»J,I Lj-uSLJI j I m"i 1 1 

^_<j_J1 [yjjC. 3j^L^ pl^jLt 4l2l>. d -^ < a ) 4_Lic /^-Aj L^ j"iS 1 1 1 jj-a 4x.jj-a L?$^ 
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<JjL_11 iripqi^ jlsj . 4_i^ LlJ^_J1 jj-o (Luj_a 2I) j_}LiujJJ1 (J^LUIj lI^^' ct^ 

(—Lc LjjIxSLJI 0JLA jj-a '- 4 - 1 J^ '-*- > * J >* "-"J Q ^ '^*" *— J -^ s - i SjLtAjtl (JljJ>* VI jJ 
LjjUSLjJI jLfuIbl ^£ iSj^- * ' (jr^ .^3 ' "" ' t - Jk -4i5 ' 1^1^*" . uj ^jJL J-JaLuJIj 4jjl>*V1 
4_p-U ^j-* J JaM ^^ <JjL_U (j-* ^ L*_Li] I pJ-AJl Lot • SjLUaJI jux.j SjLiaJI 

. (j-">-J 1 d _ ^*" (j-* d d-iAielLi 4-se-LtaJ 1 
<-_)jJlI1 j\ jJLj-iiuJl £—11 j-^L_u jj-a (J^ («J-*J LcS 4ie_*_uj 4_at ^^_u LLajj-jJ 1 J 
da L uj-uj 1 £_!! (jj gj *' > JjvxiiJI jl <-_)j_L>J1 J^t-J (jjij-^L-oJ jjJ'J-Ji l£j_Jj( ^A-Jj) 

LLil V! ^LaLjJi jiijJL! ^loiti^l s*Mi ^L^ 1 ^L^ 1 eiujJj ^1 14^ 

^jj>.t jo-aVj . (4_lLLl11 jj-ujj LSjL Li «LaLul d "*■ .^.W ^a Jjjj ^jTn-u-a j^JI *_ajj-) 
L^JL>. ^jl i n Ij I g .u C Aj.iLj 4.3c uaJI j-Al_ka-oj <J "'.!+" M *(J-*5tlJI (^r^ Sj<-^9 
(j-« J^-j-Sj *-_)L_i_Ja_i a I Ia_j )1 ) LluiAjI Lliu-iTuj Lul jJ ifQ-^-J (^J-Jl La : ^Jg. L-uTli 
2LcLLU £j_jfc V3J9 3_jJUlI1 (j^lj^oVl J-Js 2LcL_Lo dilJU ^ji-u VI S jlj^JI 
JLjSQIL (^A- 4 - 1 (jL_ujVl jjl ^—A » i-Lail i <LiL>.V1 £)] S j^Pdj-^JJ ^—Cj-ua LulSjJ 
4-J-m Lm I 4JL<-u.a ^jJUuJ (^pDj-tllJI (jiaaJd . jj_«V1 £J-£J a*-uj! f-JL (J9^-> £)l 
(Jlj La Li 1 jTn-u-a ^j-* Lt" 3 Lr 136-4-3 iSS^ Luija < — J '-^ Vj-i <j~J . 4.C.LLU *— 1 L.uTiS V 
U-t-L-uiJ 1 jtjvjjj . L^jISLuj J,^u 4_lLdjIL« 1^-jJ^SJ 1 j j LvjJ 1 j N J^j" ulS^pa tj A l L^-iJ^ 
«Lj_jL^jJ1 CjLj^**i 1 ntj ) I K 1 n -a ) ^1 L^LjJI i>JLA jj-o (jVI LjJj>. tjr 5 ^ 1 nj^jJI 

£j] jj-t-t-o foJL«j1 ^--5 JjJaLLa (j-II j-jSl5 jSI ^ la g 1 ■■ 1 pj-ul 1 J-A J^j j^Palj-al 
«Ljjlj-jJ1 CjLj)j£LlIL j _ 3 _u3j-«Jl CjjJIJI jj-a i '-^-" ^-^ '"*■" ll . £j\ . L^_Lo C(-L*aj sej 

L^LLajj-jJ ^L^ 1!il ^^j-i-uL-ul j.^1 i>L-Ll cjIjj^ a1 jJtiu_o1j ^t-^" tjr ^ 4_a1 juJI 

L_l>caj| i>L-« ^J^-J LojLt£. 4_uLj L-mJ ^-Lp jL>.jJ1j 1>_jj&Sj|j Jij^_uj1 ^jl 
Cjllalm dJJUj i^jdl j-u£LJ1 J^fl ^Uj wntl jj4 1 JLAj .4jj1j-J1 CjLj^iLjIL 
.ujj uJI aVjX <LjIL>iI1 jjL-a^jJJ (JjIj-jJI clijllJI 4j21j-« ^ 4xLlJ1 5jc Ltail 
4_u_u_ujJ1 ^J-^'j * W^^dJ^ Ct^ ^J-^ d W^*' J^^" 3 tj ^ ' 1 1 ^1d1j»aV1 (jl jl^I illj 

jljJLl ^-ijij Lot . 1^>- Jj-o-^l (jjjLoJVl iiliij duo L^j ^* a (^^julII JL2HjV 
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4_La^jJI 3je i.aj| jj-al (_^ (JLui'^lj ^J"" t-ta-ll JjL-ujJI (JLa-fliLi <ijJLa_i£ 4_o! JjlII 
CjIjjJ (_y^ 3_jjLu>-I Jljj La (iiiLju J i nf I (j2rl» : Jj-2j (^h-II CjLH^^UI (jl) 
(j I r 4-->.JJ uiXI (_gl uill 7-ljLSl (^jjjoj . (3-jjlC.^/l 5x. I I r a (_ya jj\laL«J! i>Lj-o 
(j I ^JJLC 4_i^ 7-j)jj?e-a IL1L3 2 (jSLajJ . ^"^JU '"' C"^ r 1 4_u3j-4-L1 CjUj^S-jJll 

'(-j-Ji JJUl < a I tUJl ' 03 J flSC rt ALJlLs (—3 4_u3J-aJJ jj-U^Sj^j^Ll* Uj-u£L) J-*2u_U 

jj^a Ij JL9 ^ i"i m (jl jjA_aj (Jj-i-* L$_La ^alis-i 2i /^lli ' a^iflJeojl ^ a ' '■' rt ^-lo^ 
«Uljl JL9 (_g jlll j J-2JI (j-a J-^l La-fl>jjJ jj-llj i nip ^->J^ J I <jM° C"^ ^Jj"' < \'^ 
Vlj i_JL«JI ^^ SjLxis j_lc Ljj^SLJI aJJb (jl Jij>JI (j i ii-». (j-oj . I i j '" ' klalX I 

.(jVI 4_lLc jjt La-a LJuIjiIjI j?&\ ^l^lsxl J i "'* cjUSLo 3J-" f j <^V 

d i ii a^HL) JaJLfl ^Jl»j- JJj>J1 ^ys\j^a] 4-L& Lit_]J-«l_LL*_a (^palj-ai iJJLlAj 

(_j-b_jj-U JLxc ^jJUljlj » )1 LtaJLI j Lcaj II (j^- 5 *t-<-u-a^i-tLj ^ i"i"m /^-#3 Sj-tluLdJ 

(_p3j_o p_5_ i_Jl Ij_o> u \ r (JILLIj -j-i-l juVmi J-i£. ^jJ-ni! (_p3jjiil j i <> » 1 1 j 

(jj)j^ I t ilJ)J-S-J-a (Q_<_ul 1 * J ->. (J -SJ d OJUSb rt CJLJJ-Li3 d I 1 I n" ^JjI pljJLJI 

(26) ~ " 

JjJj . 4_«-jI ui II ^psLjJI a jJs (_P=j-o j-fl> j-i- 1 J-la (<jjj • Microsporon 

iiU^U^j-VI ip-LJI {y* L».Lcjl 3 maMIl ^Ij-al ji£l 3-iLuLuJI ^Ij-aVl 
(j^ j i ii ILa .(j i ii i ->JI (Jl <^"VI-- I a] J ^". i"j 4_lL-uI_lUI c I i ea c *> I (_gJ-«J jj-Aj 
jjSLx-ij i Neisseria Ljj j i nn 5x.j^ijajj jj^j gi i^nt 4jj^ Lj^jSLj 4 j 1 1 n" r«Jj^ (_psj-o 
(^jl jJI r-^LnJI (jSLIj iiiujL>JI (_gjLijSlII r-]M-«JI slIaL-u^j Lcjj 2 tj j i ■•< fljl a ui 
JuLc Cj^L_*u>JI ^j^** > *Lul 4jjS i h* II CjI^JLJI (_^JJ 4Io_ujL4-o Cjj i"7i"i 1 1 (_£Jj1 
^ ajl a a Lj^ j mmi (j^ Cjz^L<j/ j j gla ^1 (_J^I =LulilJI 4_lLL«JI t_ij_>JI 4jL#J 
I it 1 1^2 <Lojmi CjLij|j£LlLI JLUs 3JIjl3 3jUJL>- j_iaLa£. j j $^ ^jJj • «lj jl! 
4-lj-i iilj .j i ■■'' I da I uiTol (j^( . » IX a I ( _p3j_a^^3 (_gj_ajj| Lai . r<uj^>- i_a«j^ ^^ 
j_Jb ^ .^.A" ^Jj . Treponema Pallidum * jlJLi Lajj^jjp ^mn" <*_i_J^J Ljj_uSLi 
. i>jLi<I/ (jSLaj z ^_j I Sf j (_j ji^r j (jJ-V J!>L»Jl ^1 (jiajj-LLi ^jV ''-^JJ r^-^- 
jj^>- ^^ j ui r ,j_aL\JI oj-aJI (_^-3 (j^jUjj ^1 4Ji. jl i fij^ (_Ll3 ,jj5 Lylj J^j 
j_«Jj| jj>.\ La !jji£j '^Li»-5 tiJLlit LUjia JJo Jl^j .(^-ijJjJI jJtJI 

(jjjL«j>. ^j^ l^i^al o^ 1 -^' j'jj-^ I J J ^^ ' . " ^" J 'D " cr 1 ^r^J ^, 

JL^£. JLLa CjL«jij->>II 0JL4 (Jila JLc£. 4 j i ni->JI 5jj_>JI JLlILSj ( _ ;r 3 (J^i-jJJ iJLl 

e (18) 

l^'al .^"sl ^ i l'\l a A , ,,l ~tl ^j'-^lj " »l »l a •"■ (jlS aVI w ' a J ^N" (j "J O^ - ,^ 
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(j.3 A j i ii i -»JI (j |ja IkjJL Ij J-jJLa_UL] LgJaLpjl (jSLJj ■<— 1 1 nLLU CjJSjJI ( _ ;r b 
d -». , ^ tl ^.^ 4_t-aL>. 4-a-L^a-i ^j ^ i ■■ c d IN i"i a L^-La-se-j 4_ujJtJl *J1> L*_<Cc>J. I 
(_^jJj(JLi SjL-aJ^U «Lu3jjtll ^ j i a ge •"■ 1 1 -U i « (JjSLj (jl tcj>-IjJIj . M-j^Lc^a-VI 

lj_Li£ jj-!LaJ ^ 6^'- JL " 6-°"^-rh , J-*-" cjL»-»_l>JI! ^ JJsVl ^^-^LlLuLu!! 

j i"i i (_£J>Lijj r-^L«JI ^^ a I laluVuj .^jal 4L>.lj_a ^°i (_p3j_LI MJajv^txJ 

jJ-jJI aj-it (JJ-SLj (jl (jXxJj .(jK i .ill (j-a LjJjJI O I n i U 1 1 j (jjjj>-L^I,l L#-j3 
. 3_oL«JI 2-> (.all si lUlj (j-<->JL«i,l si jU^lj (j-\x.Lai>-VI (j-Co-LJI jjLJ SLcJLo 

(ji oj * * I j 1 1 I j j' a tiJ-<ii SjJla (jl. ' SjJI jl j_p- al jii»ll (j\£ i I jut <jj>^_9 

(jl (j j 1 11 L«Ji ij^jJlII )<_*i>J,l ( _ ;r 3 £Lj£.Lii>-Vlj 4-ujjJlj dj 1 ni->JI JLjLojiJI 
I J_A (j_a CjLLu^LxJIj CjLu^ i ii*T1 (_5 4-u-ul j i nil 4_lJ)Lua (_3 (j 1 1 ul J;P* lLLuu 
(jjN"i i n ^_<i_LJI j^Ia (r^ (jj-A (-r^' «5juJL>JI Jj^Li* 2I » 4-iuc. (jl c_ uj zj . (jj-ill 

4_^>-LiVI (_^ 3j_j_4ji SjiLjj o_ilji 5_jjj_iJI 4pc_uJJI (jSLtj i4jL^JJI (^ 3«l_Li 

(_pajJvl (JJLij .(J-uLaIjJJ (J-U 4_lL_uLuJI (_^dIj-o^I j 1 1 11" 1 1 jqj (j-°J .4_u^i_L>Jl 
3_<SLjj-aVl SJlxIU CjLjVjJI ^j Lufc 4jJ>L«JI aU,,,j~tl 2jLjaJ| o}L)Lc. ,jjj (jVI 

ouL£ Ijl Lo^jiJsLJ (j! cjL^SLII lju» JL^o,j^: r>»jj .S-LaUj-SL-uVI j>>LJIj 

jjjJjJI (jljJl O-lLS La LjIj t* JT '~»~ T 1 aI (^yj-u^/l (jjr'i 1 n" «SjLjJL>JI (jj^Li. 2I B 
3j uil>JI 2-»,^tl ^ 5jj>JI jj^J (j' Cr^ <J-°^" ^l* I m uai L^j ^Li jl ^,111 

(_jia_«_l (^^ CjJU>. (jlj , 2 a 1 , ^ 1 1 3j)Lc x-Uaiej 3_jjLnil u^\j^az\ jLJujjIj 
' d j a a> (_pDj-a 4_uLl2l ^ Lua>Jli . I JLaX (^jJUul (j2j (-H^ ^ JT '"'" L)W :> *^' 
JLlS (jJj^l ij^'j-''' Cr^ (J- ^ 3iILi Sfj_al L^j Cjujuup] jJ (jSLIj 2Jj_iLJI ^ 
jl « '^>ll ja^JLoJol LJLo^l sLi^l >tjajlij dlljdj .(jM_L>JI ^ CjLtjjIjj ^1 i^Jp 
S-jLi^aVI (^^ (J-ol (_j ' c (j^jljJ3l (j^ ' " 'I 1 eajj 1 1 )<_o i_j-«l!l (jr^- CjLjxAjI (j^s 
d)L?- jt i^-< <jjLu ' " 1 1 laj) ^ 1 iiflj LJI dllj) CjJjlS Jl^j .(_p3jJvl (jjs (j^ajAjJIj 
. (L^^LLal t. 1 1 uLLq j^- dt^J /j fl jj J ■"■ 3j^, Juu (_pDj-Lu (jKj-al /ftj iCjl JLau-a 
(j I c 4_jjjtj j\h\ t_yzj <i\\'°i iL2jjJaJI OJL^J <— aLdll jl uij il (j jlj^s- I ^*-^" J^J 

l^LSLJLi (_jjJj<JI ^-==-^1 jo-Ij) Jl aUVi ^ AjjU-Ltl j^L, 4_SJj (jrtJiJLJI 

(jl ,j_o /<uc.jJLjj (. . t;r J_LjjLc.lj 4j (jrt-^al i_dJj) (j_o f«x.jJI (^yl^. ^Lu (jSL!j 
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ijluiJUIg ObgjS.i.nJI 

.ujj^-^JI (^r-S 3JSL<jI1 5-sdmVl JL>*l£^ ^^U^SLojjlJ 1 ^La^I foe t__Ju *d j-oVl 

tjjSLj j I ^^SL^-ij . Pasturella Pestis q uj . uj ^LjjIu_uLi Lj-uSLi dm ujj ij^s ^ 

(JjL_uJ jj-a 4Jljl3 <LLl(-uJ jJUul ' A J * ' ■""* cA- 1 4-sL*fu_« i^jLI^ (_paj-t JUjjlILI j-uiill 
* J Ji f J-^ - * ^ J-ri-*- 3 ^JLH-i *^— ^ 1-Lua '-Mj-'-lj 4_j^_IjlX I djx^j-j lLs-l^j ajjse^J 1 

(j ulS L<j_^-«L_lj>.jJ^_uJ1 c_jj->J1 jj\ . ^IjJJ 4_Lt_ul3 5_cl_La ^jjSLLaj 2 Jt^I^JI 
^jLSLal *_« i«U_«_3 (_j3 'j^^ L»jj-i_u i^jJUul JUJLifo L)j)j£Lu5 < JJajj-AO-ul 

jjl (j-SL^jj .3^Lc ***" * "^j j j-^^ ^> Lj_Lu-jju L*_l3 i^ju-uj LiS-4j^_j_>J 1 
(J-uLlII ^j-* J-p' '-i*-*-^ ' 'j '-"* i 1 J-^J 4_i 2 ^'^j *^-4 J ^ lt"^ (J^JL^ti^ ' IJufc j-tluTuj 
(j-* J P- L-l I J I (* utlaj 1 Cj jJj /_yic 3j-La_u_oJ I (j-* i ' "^ ' ^Lj-Lc 3j-La_u_uJ 1 7" J ' ^" J 
3j_j_&j <—)j->Jl (jaSlu.ua . Lt>j LuuJ 1 JU£. djLuaJJ ^jlj-Lfill jl Cj 1 j.iTuj»J 1 <l^t3LS_a 

t__tS^SLll pJU ^1-tjuJLl 4_o*Lj ^jja-^jSL^J (jH-Il ^J*-^' ^ri^ 3 *^' Cr^ ^Jjj igaJlJ 
^j-* s j^^ (_Jj ^\_u_u d-Lua L_u-*-J' ^ LJ 1^J->»J 1 J (j-uL(J1 jj-* y^" L^a^-ua LcL^ 
3^LU^1 (jJLc JLaJLxl dJLLjfc JJ-^ V-4_»_LjjlJ1 4_p.LJ1 (j-a-jj^Jj ■<> i-uJI 
v^-tJa 3cj * ^j tall se * L-<i_l3 ^J_jLa (JSLiUdLL^ , 4_jj>. jJ^_uJ 1 l_J>>JI t-^Lj_o 4 JLjjCu_u2[ 
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apjLaoJI y^a CiUgj^ ;nll 

4jLuL>JI ^—5 <Sj tMJU\ J^* II (J-^J ^L9 . «CjJ_>JI 4_jjj->J1 Cm i ii ( iij-ll i_3j_i-aj 
till j j^c ^1 .'--.'aj . LgjiLsol 7^^-11 Cjj_j£. ^J Oj-^e-i ^1 SijJi (jl (jSLaj L>-^L<-u 

L-s-j^ ^j-u_u L^-^j u o mj| £j-ua L^LtAj ^I^JI 1 ^ 1 5 ' » /^i-Ii cjujj^LlLI <_ Ac La 
cjLcL-u «1_2I VI I j * "■ (jSL*j (jJ 4JI jjjj 3JLnjJI Aj^-^J^LiJI i_ij_>JL3 I jd- jju 

. f }LkJI 

J-jl—cSj jj-J-I *l * '""'J Csj-U 4 « Mil *— O 4_LJ>.jJa_<-JI (JjS^OjJI (j| (_£J— — .J 

/_J! .^^ <a_ILx3 L4-0 ^ij-1 im <i\* II (Jlj->J1 _j Yljt-a ^—11 ^—o—jj L_^oj_jj ^J)j_j_uj1 

4_a- 1 < u ^1 0J_~ (J__c *_jl_i_ _jl . /_j|j ^—j^jLfuj z ^jjj-uSJI (3^-lj . 4_u_o_J1 
C_jL_ Lojjj t4_jL$_ j-jJlj jJ__ ,— j! 1 11 1 2 1 (Jj_>Jl j^JLo _)l l_oi> 4 L_>. 4_l_j-o 

(3^-ol LI__ 4_lo^ojj_*JI * J J— *JI Cj \j, ht^i aLo_— >2i1 /—3 JJJ** /— L— — jl_o^oS_>J1 

■ I jj'*» JaaJI (_— L— si oUtl * j*»- mi" 

Ijut Lu (_, <j" 'jj *tZj ujj^LlL I ilij J-^ " " '"" s-y^ iy (j"l Mj^- 5 ^^ 

3j-uS Cjl_]L>.l lIJLlAJ . 4_U3_i_u^_a ^y2\j-ax\ (j^oS (_£ t. M I nil J^c ^jl I ii**(t1 ^—11 
4_ljI JJLII <GJL^ u \c jl*1«j 4-ulj-JoJI ^L^uJVI 4c:LUa -.Jljuill I juk ^Jx. 

jJsj .((_,!?<!! ^1 g -vVI I ^ipi'oj) I^ Ut'j ^L^>.yi (j_o mJ>»-I ol^' o-^-j 

I Jus. ^LlLUs }L<J.> jVI yis. Ouj^j-I L pl\ 4_lUj>II v2jIjI_i1>.VI J£ O-oJLS 
j^paj-jLj jj_o ^jl JLjj-j JjJIj 4j^IajJI £)] LajLLo /^J1 4jLjLtflJ1 SjS-aJl JLuGJ 
^J-j-La-j < 1 la) II J->JI (jl ?su>.j2l <j-o JJLu ijjjj. jj_o 21 JUj . ^^juill ^jLtoij^l 
Lijjj i3«LxloV I (j^ sLUaiitlo 4jvjJ Jjijj dll jSj 1 ^4>!1 (jr^ < — 'WjJ^r!-^' J - *^ 
w SIjJ j 1 a a I » I "1 Mill w a j I j * II CjLcL-uJ I jUj >I^JI (J3^ LoJ-i^. liJJJJ 

Ji (_y^ 3_jj_«_LI =l_lj>JI cjI_ijj£LlLI qj* j-jjI cjLcjj>. cjL«jij->JU ^j£ (jjjLJI 

Lo ^jLcj-toi gj n Mill $.^j^s^ .j^pajJLu -n ^" lu^al cLi^aj-b JlJ^J tiJ-Ij-iJ .Cjl^jVI 
I j 1 1 3eJ LoJLc^. 4j^L«JI 3jIj^>JI CjL>.jJ (^ 4_lu3j_U CjLj^SLlLI i. il<* i Juij 
I La j| CjLjjj^LlLI (<ijjIjj>. JUS (jl^ (j'j) tH3^ d ^^^- a Ol^-UaS (_y3 sl^^il 
S-LuiVI ^yfl 4-ij- uiAJLJI 3>3 SjlJlVI (^JJ (_, im njJI JjLUI jjVI JJJUJ -Cj^!-^ 
*l^a_^Jl p J^*"'' ^ Jj'*' ' ■'"' ' II (33^ ^ « mi 2I 7t_uLt-a-o a! jl^-**i 1 11I ^jS-4-ij .^ n tj Mill 
( _ ;r 3 (^yjjvj .^ajv^aajj^SLiil Cjljjjisllj 4jjjal «-Jl-La aj CjLlLjjlII i— 2j-C. (_y3 
^jlj t4Jui all CjL>^aJl1 M^ii g-a-LcaJI jj- ^Jj^* rt jji JL>-^aJ ) mm ill jL^JJl ^^_tla 
4-ujla Ljj_uSLi ju>.jjj .(Jl^>.2l oJLA /y3 si/yjSi I j I a r-L>.jJI jj^J -^^J * D^ 
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(jluulllg CiUgjSUaJI 

(j-GjIjLSjl d * ' ' ^ ' 4_j_t£.-A^-a_*Jl «L>-j (_j£.-(_Aj ' p S * U jL^_J1 *^_ua j_jjG ajUSj 
JjjjSjJl (^J-i£j)j^K Tl) j^_Uait_jJl 4_*_t_t-a (_a_>tjj CjuLiltl (_3 Ltiajl JL>.^oj (Jltl 

Ljj_uSLJI aJ-& (jl 3jU i .ill ^^Ijj (j-a <j^-tj • UjJ * j ' <i 1 1 ' a^LjT (j-a 3'jJ^ ' u-^ 

/j-j-y V I j .!<- la 4jJ-*il CjLijj£LlLLi (j I »"m l-a-i^J . 4_LUaj_a SjLkJI ^ <~< i njt 
. sl"i Mill ^^ (_^o- Lu mi (j-a I (jt^>-a jL^-i-II >J-i^3 (jr^ ^^LiJLa lLL! jjj . (<ijjIjj>. 
J53-3 A ♦ mi2I (j-a fiLjJLc d i i ii i (j-a ^^-i^-*- 1 * La ,— ° »J " ^ ' " ' 4-*-culJ /tJlUlj 
(_3 (.mi nil ^Jt 1 JLA (jl (_3 c_ uj zj . d j * La 1 1 d j "•* J ' I (j-a U q ^* rt d -"" , ,.A ' .11 
«u_aj^_i La_a (J^i dj , ,. A'"tl Cj zjJJl (j_a (J_aj»_) JL9 (j n a mi fiUSJj I j i nL9 *LL*Io (jl 

./«"jiil i_JojJ! -ijLJI '^t^i 111 (jJLLaj^JI » 1* nit! 

Cj_iL£ jJ l_4-d p-J-i-ul Cja_4-S L$_iI_3 3-3l_>JI (Jlj^>- al (_^ ^-^J-J (J "'.!*" O-lt^ 
j mi 1 pj <Xj_a (_3 -n ^ rt (J_aLc (—Jj-^SJI *_jjj2jJ1j . 4_uLc 4_u_*_u_ul «Llalajj1 
( _ ;r 3 r - 3^2 1 JL*-*- uaalaa» (jl f-^JJ-i JiJSj . 4_«j>.Jij_U CjL«-aIL>J,l (j-u mJjjLkJI 
» a se **i 1 C.I— 1 l jv » 1 "i 1 11 1 1 ^^ 4_t-aLit_jj t4_i£_aJj (_p3lj-a2l (JSJ Sj^j /p-aj (jJ-i-J 
^j-ujj d «Lui>Jl (_3 j-a 2l (jl ty\£- . aL*J1 (J^ls W-*^- 1 L^J-* (j-uLj-ti (^r^— '^1— * ' fex3 
. 4_<_>JI Cj Li jij-SLlI I (j-o ij^*- J^*- 3^^"' JLH-° ' J "~ C^ ftl_J^l^ .liitjS 
Ljiijuo^pJI 3jj£lLI ijUj^SLII CjLbtAJI (^Jl J-^-tj lLU^^i. ijintl (jt jJLuj 

(jVL\3 (jL»2utx Lu»^l£j nj\j>-j^litl jluj/I^Ij ijjijj^l cjljLc. jJjj^ cjljLLaitl 

1 j ■* t (j_a (jl^j-D. D.Woods j-SJJ .J.J jl" mVI Jjjj J-SJ - 1 j j I 1 LaL^j 
^j-fl d 1 -i^ j-pl^j ^—5 d"i mi th J ' kxtaJ (jt-djujr^S-uJ ^Lui_p /JL^-a ^—5 »1 taUTl 
( _ ;r i>. I oSt a (jlS ^J-Lt diljii mm 1 11 a JL>.| ^^ ojjjitA ^^ sl^JI ^1 4a I mmSI 
3Jjju»J,I Cj Lijj£Lii I j (<ijjIj_>JI ptj-il <p (Jj- 5 i-^J-y ■— 'tP* SjiiLltl 7cj^ J-i^. 

Tj-3r t \ t 4_2_l^^La O-ll-^ 4-J JLflLj (jl J_4 el A ,^.~.<l ^J jj| l._i I 1 ntl (jl£j . I^>- 

t_^j|j^>- (jl jJjj JL£j ! (jJ-Lt (^^ (jUi^l jlj-" (jr^ ^iW-^' a Uall ^ 1 "j\>Jt 
(jl (ju_ujVl (j"i* i 1 l_a_a «bl 2m 4(_pDj-L1 CjjiLalowl (j.a JU3-J (jJL^ltl (j-a SjUJLC 
( _ ;r 3 (3^^' u^ iS^' ? ' * ' ^j'-J ^tj .iLitLitA «L2j^laj J-o-KJ I— lJJ L=^- i a 'I 1 aj 
t_£i_jj-Laj1 (j-a-S cLsLLaJl j il 1 a rt (j_a j^>-l jj-t-sa-a (_JI g I )j gSJI j^?e^-i (jl (jJ-Lt 
^JJ ^ jj~^ 0J^£> (r^ (-t-*-^ iC ^ cJri^-* ^ 4_u_oAJuJl Cj 2ijJj1 (j-a ^l_ij jt^alLi (jl 

.3jj»Mitl tljVjJLi 
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gcuLacJI jjS CiUgjiijoJI 

(_palj_a2l t. < i 1 n" lj)Ltj iCl)Uj^S_jJj (-jLj jjjl jj-o-^jVI ^.H^-l i i ii^LJ jJLJ 
Ijljv 3_j^J3 i_sjij£Liil 4_a£L^g_a-i 2_aL>JI J .^All \jjt ^°i « 4-uiaJLl I » 1." 1 m JL9J 

(j-3 » j i"i" (_^-lJI SjLUaJI j-j^ cjLijij£LlL! (J^>- 4_«J£ j£ ju LlLkJj -(j^' c"^*" 

J) w u JL9j . LaLo_i 3jl LaaJI j-;tc *LUa_»_Jl ^j uSaSttLtaj 1 ■■ Ljj-iSLi 4 Ac ^jmjjU ^ilLa 

(_p ^^ (jjiLill jj-v cjLiji^SLiil ojut Jjl jujj i(J caAII I jut (^ (_Ll3 (j^j Ltj^j) 

((4-utaic '"'" f^J^i^ ' 'i 1» ^jj 1^ A" -» » ^jjjLlII ^ji ^jH-jjj i L^laLc-it J-lc_i ^jt d .u • *-» 1 1 
cA9 •<Ji> ; *"^'W ^-^LiJI CjV^LajJI J)j_Laj-LaLx-! ^j-^-^ sL2jjJaj- ( _ ;r jtj SLpJI 

(_pi_L«j CjLijij£Lui (_j-A3 1 Lactobacilli (j u \\ , .MjIiSLI Lj_uSLi l j H a 3_cjjij*_o ^ai\ 

ljr £ J^J-JJ ^*^ . ((jjuoLiJI J r^iiitl (^ (_£_>i-l 3j-o Laj^J) ^Lu-uj) (j\il! lJ £ 
Jj^LLa VI (ji^. SjLua j-fC L#j| 3j_&LLaJlj i4-u-!jj (JS ."ill ^ fl-Oe a Ljj_uSL) jO-ill 
CjLuISUI jut t;r l£. ^ JJLLj . Leptospira buccalis <jjijJKj Ij-jI im j-ijjJ ^ < ""j 
Entamoeba (3"i I II Lulo?) (_yutl\ ^jt-'^ LuLaLlJl jj* (ojjj-'JJ-^) cr'i' o'^rP 1 
. 3-Ll«-o Jijjo. ^ I jt^A^j cjLijj^LlLI Jil jlc I (_>ii>- (^ x_aLj 4i«Jj gingivalis 
' alall LaJUX. L^ijj-i ( _ ;r lIlj-4 : jj>L«JI sQillj (jLu-u^l (_^i^. j-«-u (j^JI d S j La II (jl 

jjjjJ.1 o^ij L^Jj .cjLijij£LlLI (j-o 'Lil^ oj^-" L4Ji-7"Lu^sJI (j-3 (jl_Luu2l 
(jLi (ji_3jL«JI dJuMj 2 LaL«j 4 MiitijLa LjJSLlj n_gjju V (j-L I ju>. j^cjjs (JSLii 

. (JJ^-J ^jl ^ini Lo ' La ■ ' a 1 1 ) j_A ^J-uoiaJl jQjLtJI I JLA 
I ^ » i 1 rT\ (_^lll (_p3l_«^>. 2I (^1 »lj>.j_j tjl r 1 ii^vL! (_£J)L*JI ^yj) 1 ""II (jj 

(^1 - i >- , -j (_>"j ' "~tl (j£ c^J^' '■.'.' ' "^ lWj 'L$1SjI (0-iJI ( -5 -3 ^i^-^-^' w)^*.' 

ji^l 3j._.,Utl djLijjiLill JiljLC:! (jjs 4^3 ^ La (^k: <_JLi_lJI ^ JjLuJI J u>a 
» Lcta-J di Lj J)j-S_j_L I (jLj tiUj) t 3j_jJL>. «l_j_Uaj-_a pl^-il J_J 3 ty^l -i5-»J Lx-^s 
d ,^.1 -^- 'j-^jjjj'^'' ^J^^ ' L)' * ^- ) ^^ ft - 1 (*-l j*l t j-*jj i n**iT1 CjJL>. cI^oj-u il_UaLc^>*t 
Cl)LlJ)j£Lu3 I j seu u i-H^' (^paLaj^jvLI ^jLu-u 2l «LajLo_a ^J^ti^tJ-SLL^JI Sj^oSLl ^—3 
. 4_i_*_u_ljj ^ d ■ a * * ) J-^I1 ^Lo (j-* chiA^-^' c^^" tj'- i - uj ^'' J ' a "" ! L$ .j«-iJ1 
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(jluulllg OLigjS.i.nJI 

- (j JJJ ' * 'I I jj' a o^-ij ^H^i^ cr^ ^LjJLI j 'I ' -^ a i.^ilf I (jl (jVI i_3 jjjii lj 
j^LJI «L»jI ( _ ;r a ^y ■ "j j~t I (j-o <i lAa. (jl-t—iLnSLII ! jut jiIjlcI (j^>.-3LjiLo L^Jl 

. 4_lL>JJ tfLj-tl j " i a rt Sj^ib «Lu3jL*_4-l AjjLaJl (J_j_>J1 (jl_u_ul (jjij-aju 

^ja SjjLc 3j)j^>-j_LI LjjJISLjJI (jl i a j^ (j^L^LiJI J .^.Atl ^j uJj- 1 *— 3 J- i - u 
cjLjjj£LlLI «_ij| Ljj_uSLiJI ojut lWj • 5-oL* (JjL-u^j Luj jJu ^is ,«_&Ljij LoLt^l 

(ji-Jj^iAll I JL& ( _ ;r 3 (_Lt3 (j-o Ly lj L«^-jjjajj . \ls-a (j*"j«H ( _ ;r Lc CjJ)LjX.I (jJ-!I 
(^jje-a 3|_l3 (jl ^ j 1 1 a j II SLoLlI /y^ SjLua j_lC SjLjJLC CjLj/Jj_i£ ijJLufc tjj^i 
(_y^ 3j>Lc (^jJLso CjLJVI (_ya (Jj^II Sl_c3 (jSL!j iJniiia OJ^ 0' t r t ?hJ J>^" 

(jjiLo^l (_^i^. t-JJuj . L^JLa (_jj)l V (jH-II o^-i^JU^r!- Ij^j'Sj (_^i^. L^jljlj^l 

(JJ-SLj (jl (j-\_aJ_HJI «_jl_i^>I (j^_i Laj (j1_LajVI£ (jj"*-" j'j^l * 4-'" ^iitJ Lr^' 

(_^ cjLj^jjSLlLI JoLiij ^jl\ 3j_ua.ll (jj"*-" ^ 3eJ 'j f-^j-ij • v — ' ^Li^i^ 4 c^ 
J^-iVI (_y3 JLC.L_ujj CjLjjj^LlcII J>LiIax j_uLj (jj"*^' ^jI-JjS-- ^j Q * j \ J • (_?>-*-" 
d-jj-j V t2j-«JI 3-*_>lj irj^Ljj-aj .5_JSLtLi 3JIjl3 (.-■ injt L^SLIj Liolj-cf qjs. 

(Jill CjljJ)^£LlLI ^_4-i *-l4- ' - * I j J la rt (-H^- l£3^-*° "-^ij 4JLjJL>JI (_£i 4_*jIjJ| 
Lu_uL9 4I1jlj_lI_u (J^jJl cjj^ ^ cJuLaill ^_AlaJ x-uajJI * )L-_uj . 4_*j1jJ1 <■ m i uJ 

(j-o Luj^i^l /?J-ijJ 4JuuJvl 3iLiiII ,_3 jjjJj Lj^_uSLJI (j2 La-ilj (0-AJ)^L>. t^£- 
Llil . J I x II (_£jJ3 7TJ<3° ^jJt j)l •» aiaJI i. < 1 1 i"i (jyjJI (j-A Lujjj^Ls .J^jJI LLJ5J 

(_5 ty&$ ifi^Uuu^st '"■!! CjI_]J)j£LlLI » (j-a 4_<i_jJa^, J)l JLcl )t-o (__pi_jju 4ji_jJL>JI (_5 
li^liai i^ll i ni LaJU^, 1 1- Va «L*x.j_a •» j i aJ l-xJjj • 3jl-^= J-f^- 3jJL*Jl (Jl^>. 2I 

(j_lJI 5_ijjC.j_II CjLij^SLlLIj (Jj iSjLUaJI j-^. diLj^'Cj^ll Jj-r "ill I JL^j 
(j£s_4-i ' "^ 4JI i n a j M-lusj-II Cjujj^LuI (_II (_^jj>.| 3j-a J}^» 1 1 n l_L»_a (_pi_L«3 
. Cj Lj Jj^-jX I J>^ -' '^ ^j*j;^H CjLcLajJI (jutj (jl 
.(jLajJI fQ_lJu^ J_La (^pajJLI /j -^ uU «Lt_L»_a J)1^_a J)^>.^J (jl_4-l2(l (Jja Ju^J 
CjLij^ ui Uj jL>J,I fl) ui a (jj * ' " a J ' 'I uiC VI CjLuo^LiJ 4jl3|_LII jLjVIj 
-(JLj_>JI ^- 1 n 1 (j_a LuLL (__Aj-(jl^_j_>JI (^palj-alj CjLu5_>JI (JLc 4_u^tSjl 

. 1 J_A L_La^_) (j3-^>- (j"i J « > (.j* Mill ' JaJl (_5 tj?J^ ' J I S3 (j_a LuL>. (Jl^-J « 
julS JjJLC (y-Lc j '"^ (j_aLUlj j '"-^ j*_iLl*JI (j\jj_ojl /_J3 (_^iajl c_tIiS (_^H_>ijj 

(_sl_u-al (j_« d jlr (_£jj_>u La (JjLiJ i(_pajJLI ^_J Lftli (jy-iJI (31-^^1 *— ^1 ' <^i (j-* 
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acuLacJI ,^3 ulibgj^ ;nll 

i_iLl£ (_y^ j i ii j V ^Li_o-Cj_Ua_o (j-t i i ii J_Lo-dt3 jL^5 jLSj . d j^ i"itl ( j}'-" 3 ^ I 

oJUt ^j^- « J (jl .(jjjJJ J-J-SI ?■}!-«-£ >LL! ( _ ;r 3 ^Lj^Ja ^Li^-ll jtJsljJLlI *_2j (j-a 
L^-a-i a JJ Lg_al mi'iSI *ljj t>^J ■ '*' '* !^-J *-3LJ tLujLiSJI 4-uiaJI CjL>.^M_«JI 
'j m c *_*_uLljl (jj-aJl <3_jL$j /^>- *-u3^Jl 1 JLA j o"i i ill Jl9j .LJuuIa 3 ' rt 

CjLjjLijSLi ^pslj-a^/l (^ jaSLaHll joJx. j-&j '. Chemotherapy mJjLijSJ'I r-!iL«JI 
joJLc j-Aj n_gjl_«_i£LII r!M-«JI ^jI jj» Poul Ehrlich ^-i-ljl Jjj J-«Jj-3_i£.^j 
606 606 j^iJjl jf Salvarsan (jL-uj_aJL-u jLS^. 43Lal ^ri^l i lag I (jl£ '^UI 
I J-gJ j_lo.jJI r-^L«J! (j^J -lSj-*}-" JL " 9 'M^ S*Lo^ Otjiil mJJJI Ehrlich 

Lj^_uSLi JjJiJ 2 1 j ^ » ^ <u^jj^ dJLut o-ili u^jjX\ (_pLc liLa . <LoLjJI (jjjjjJI 

^y&j « /T^t c ^-—3 d it ifu_a ' d 3j a 1 ilu_jj C^ U ■* ' a -"-j ^j-_AJ-Jl 

-^ji (jl^o. ctiii n_t mJJJI aj-JI (_p3j-o) Trypanosomiasis q .hi .iLLaj^-u^JLj^j 
-j-Ua^.j J_>JI Jx.L_u ^jx. ^i_j_Ljjj1 ^ o mi dJJjJj . 7t_ujjJl CjLtSj-4-i (cJJU-^JLh 1 
^jlaj-a CjI-lLloIs JLlIs zljl3 (JlaJ 7c_jjjj /^i^. m^j_>o d JJ tJa£ 3^La- ) i *-»** ^j^. 

jL2_«JI j_a ^Lmj-aJI i ii II (jL£ .(jl i ii iVLi l£jli Jjal liilj ><_o ojSLj (<sj ^j-i-II 
4_cSLIj (»j-iJI (_p=j-a (jyi^- j-J^ I l55^ <1>^ C^J ijLji>.^U 4SI n" 1 nil jjij (jjj^LjJI 

:ty JbJI 

HzN N* 

\ _/ 

^ H0 O^rO° hV 

^^^ I ^ ati i "*■**' 1 ul J-jL_>J1 jj-* tj u-ilflT i5_aL_o pi 1 ir> 2I i>JLA (J-fcj>- (2>SLoI I jlj 



79 



(jluulllg CiUgjSUaJl 

(j^^Laj^al ^_LJjl j»J^ J-2J j (j- 1 *^' L>^i>^' J-^ '^JD^tA' (_p=lj-o2l c I a ui 
2j-»U,,.tl ^-j^_>J| r-^Lc (^ J g +*m* oJlj Lo »ljiii^i SJLu^j jjtj Acriflavine 
TcJ-caj ^La dju i nil SjujlJu L^jSLIj i Ljj_uSLA! 4j$J9 SJjLjs (^-^j i jlL>J1 cjVLvj 
methylene blue ^ lj"i U 3jj^ lij-^*-^" pLu^Vl Lot .j^JlaLJI JUjGj-u^U 
Loj) Lcjj S^Lji oul^ I j !S Ij iCjLkij£Ll11 J - ^ ^a 4-A^.LiIl ^j*-*; ci'ml jiia 
lj_& (j.3 aj " * PjjLj Domagk ilJLojj *L>. jJaj .(l_Jl_^>.| ajlj>-" m~ oJlj 

: (_gjLijSLII 4jj^j3j Prontosil Jjj>"J>J j^ ~"* j-^j ' Lj>t!-^-" 



NH2S02 / \ -N-N_ (x /} NHi ^ 

3jl_o *Jsl^Jl ( _ ;r a (jSLj /alb ; 4JL>. SjL^o (JjjjUjjj^JI "lJoj ^^ oJL>o jl2J 

(ji (j-o tfjj-g.1 i n aj LilLojJ JLSLJ JLJSj ^ « i ' -^ 11 t_i_i^j 4J ^l^ ^Ij 3JjJLo 
Cj L> j|j_SL<_U ,_j — 1 i a" a 1 4_li^>L>. (jl^ (_£j LijSL! 1 T'^MjiJI 3.}La ^yfl f^^J' (J-aL«Jl 
■ J * ' ^J rt £j£- i—^i i ii**iS 2|1 3jL^-a oliigj jcj .^j^lll 4_j_t-aL>. ^j-ujjj ".iLjJL] ^^jjl 

S^Lo (^1 jj 'i^j-^1 ^-^ (j-^ j i us ~ j (J-jj^"_!jij_jJI (jl j-^-t> Ljj-i^. LoLJjj* 

: L^jj^jj j Sulphanilamide j-ua^Lul aim 





T f4 t Jjj NHS02 £ J NH2 T-Afd 



4_<JL«-3 j_p-o (j-3 0_iL£ Lg_LSjj ?(j-iji (_y3 4Ju-i.aJl d j uU V i_iSj_o (jj-^J 
3JL«jL!1 j jal "»tl jjja (jl '-"J^l t—il^J^I i— a I quail IjUt TtHi JLaJ .JjjjILijij^JI 
Sulphonamides j_j_L>»JVI j_i£. jL^alJjALuJI jj^l ".c ^ n . n~ CjLjj^LjII J i>> 
:aL«JI Lgaj^jj Sulfa drugStj^-iSLjj-aVl jl^. I Al,,.tl j_.al "^j 

,f,i3i4iJjR NHS02 / \ NH2,-i;J 
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acuLacJI y^a CiUgj^ ;nll 

(j-3 I j j j <j j (^a /a£L^UI ^LSLoVI ^j a.jlUtl 2j^L>JI .-.lA.^tl <. ,,,,-w 

C1jLij|j£LlLI Jixb 4jJLl3 jii^l I rili. ill j-lsLlc C^Jl^Jl^vVl < La « a ^J .aJ-II 
_}I^_LI jj-a jjl i ii l^lJ d _i q mi <J-3l I J * rt JtH^ O^J • L? Lta *> ' lHJ-^-*- 3 ^/^' (j - * 

j j at S c cQjjL^l i^jdl j-iiVl Sj^ljd! (^Jl jujJ ^1 a^jJI jjmtll ,jjij 
Lbj-a^-w^jij? (^jjjJI t_iL^lJVI liiijl il . 1937 j 1935 ^U (j;u IMmtl 

iCjLj-3jJIj CjLiLi^VI (Jj_k_4-i ^j a " 3eJ L«ja ^IjLt LUaLaie-il (jjjLriil! (_y-*^- 
{^y&e&j^Ojoji Ljj-uSj ^—Jl ^jvjjj i«LaLc rn i n~»JI ' u-L^aJ ^JJLC (jjjLa-ul ^-^ijvj 
sl_£t 4j 4jL^sVI Cjjl>o oJl£ Lo LJLc.j i Streptococcus pyogenes u^lLo-^-u 

3?j?-»J1 ^yfl I til i. ill CjL£j_a Oul£ J-it .S^VjJI jl^. ^A,~," ,„t I ^yfl J^L»JI 

.(_gjLijSLII ;yJI » oil tj "-" 
j j al ^ . tl 0j_& jj| :jt_Lo Ja-j-i uj (JjL^ij si oUtl (_£jJ (JJo JLa£ I JL& (*-° w 9 

jjjjj S L*>j5 (j.3 Ijljx 3j-jIj c^JL^ (jil 1 2iL_c_l_3 if L^VLi 3<j n^i o ..nt 
^ Jjsjij [jl£j D.D.Woods j->jj • -> • J iLL-uVl L^fLi^l ^,111 3jL>-V' ^*L=j- 
. aJsjllI j_ii. fjlz. iCjLLuljj^I ^ Sir Paul Fildes ,_yujl±Si J^j jjmtl Cjlj_£iiiA 

(J_*_>»j 3.}La ^ j **' 3c i a Jjl ^J ' a rt jj-li-a -Sl^-U ^j^* * I (jl j-^JJ ' d uiIiSI JLd-9 

- La ^ i ■■ ) c_<-Sj-« L^-it O-UJ .3jLll tfJLA JJm~ C^ * ^ ' ' -U^d ^Lt-u-A Lj^j**iS ill 

: «Uj^jjj Para- amino benzoic ilLjj_Li j^loIjLJI (jijjjLv ^ < . .n 

■iif'lJ HOOC / V . NH2J,-ii 

jJL^ dJLlA ,jL£ ^J d>^J * ^H^^' Cr^- ^^'"^ J^H^J J- 5 ^ Cr^ V ' V c^l 
I JLij ..u ) u (j-* '^ * ' J^f^ J *-^ Cr^ - "^^ ^^ < ~~ J J ^"^ ' tj - * ^Hr^ 

LiS . Cj L^^SLlL Lj J^-LCu L<i_l3 1 aJ ■ uj 1 j <-_) I <-_) ^j-\-J (j-^S i-"J I (j-* •-£■ JJ ^ LJ-A O I 
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(jluulllg CiUgjSUaJI 

J^ (jl I ! i>ij^al Ijl I ^ aj 1 I jj inii'it 4jJLlI! 3ji>ij-aJI rpjslj k>I_LQ£ |^j-!l 
Cj Lj jij^Lu I aLsI I flj ' nJI ' - «j ^ La l_4-sj-3 ^-«3_u (-S * ) I » ) (_]l r-LLso CjLjj^£LlL.I 

2 JL) 1 A I , ,.t1 a! JL^-**I ( ill CjLlJI^S-Jj (JjLssHJ /y^* i* 1 I * 1 3j)l_4-S 4 1 1 iill SjUjuJu 

(jl (^j^l . (jl "i x i*r-»lj (jLL^-lTi-i 2jj La-Ill oJ-$Jj . L&j-a-i ' kSj llIJJJj i Lg-Lo 
4-uL*iJI 4j*_lLiJIj " La S 3 Lt^xj i—sLZjV LxJjj iCjLijj^LJil (JlLaJ V J^J-JJ I aJ i u-J I 
i_s 4_cl_i_i^3 (j-C 3jj>.Lc CjLij|j£LlLI (_>-ajLj jjl-)^L>-l jl !^L>-Lc (jl~'.~n~j i ii 4JI 
(^-Sj . j_«_iJI (_L>-I (j-o «L> Laj-jjjjj j-o^fl (j-g. J"n uJj '4jJI r-Llrso (_£ j-JI t— ii 
. Cj L> jj^LJi I ^j a « ■ 1 d 1 1 nilL (j-l aU-taJI (Jix-i t_i I t_i (jl JJ-jj 4-uL s Ltl 3JL>JI 
I a] ' nil CjLoj-4-3 . 4-*-ilj *jj ' a I (j\3* LUlLi-u 2i 1 (jj JLA ^IS «Lss_t-a t."i**t i" JL9J 
(—LajLJj 4m£jJL*jLi * iLt-aJJ t^yzjjXi (-^ l_A^_4-i ' ^Qj" l-4-slj i uj j"iS ill (Jj-dj V 

(jl aj-j-JI i_ajjjtilj . La>j_ol I jj'*» ( _ ;r j» (jJ>" ^U-° («-uia>JI ^ pLajJI (JjL-uj 

t_j I t_! 1—3 1 Ml "IS I (_£J>I JLJSj .(J^_oLLloS t_i I t_i (^1 r-Ljjo SjUJLC. CjLkij£Llo 
sLlo-iSLIIj 4_ujj£LlLI 2j^-ir>JI cLlo-iSLH (j_o (_p (^i JjLa aJ-Sj (^1 (J^oLLlo^ 
i* J "' * C"*"" d J^J^"*""'^ ^iW- 1 *^' a LlojSLI I (jjJ)Lus ^1 jdolj i<LoL*JI 4j^l>JI 

LulL-lo IjJ-^- I *l-*-"l-2j.UII 3_o~L(J| (j.a-t-31 uu^VI jcls jjs j . L^IjLlIJ (jl Li4> 
j_«Jj| J-olj-Cj diLLualljfitl fl^JI (jl 1 11 1 VI <-2>c ^1^ :(_£jL«_iSL!l r-^L«JI (^ 
^ jj.' "~""'ljjl a-p^jga-JU w ' a * ' ""*..' U ' p * ' ' ""'L'JJ^J^ ' L^-iJ| T Lj-^o (jjjJI 
i_3j_<ji L^-il (J-3lj (4_lj_lSjjJI oLjji/^l ^ 1 -^ • a -»~ 1 1 j_i!L>J,l 4JiJ ^ (_, n 1 ujj) 
.(_gjLijSLII r-^L«JI ( _ ;r 3 'LaJ^ (JjjI^^. (jjSLi lLUJUj CjLjj|j£Ll1.! j^j tt jSj 
Ijlul^j .l_xjlj->JI l. ilr I ( _ ;r 3 )>-<-ulj 3^-^ aJ Cr^ ^ J'^J-^JI flj-4 Cj^JLi^3 JL3J 
iCjLijj£LlLI 3jJ-«J (j-3 jijJil Of jjI (jjs 3j^ dil ij 1 n^-»JI (JSIjlj CjI_ujljj2| 
(<u L«-S iCjLj^jJ.1 (Jjj '"'I LuiLLljUI j>Ljji/lj '"«! LulLLiilll J .^.aj i_3l mmS I (<uj 
-jl_uli.VI i_i_i_iLJI ojLxj (j^-i.'mj"! La lj_u£j '. 4_ljjSjI1JI oLuial j j < a — ' 
. I A I , ,. II I j"j jlAi (^ylll (jji^LuJI 42jjJaj CjLjji^SLlLI j^j 7^-^ (jr^ ^J^ 
j j« )-3 c j * ' a ', I j-j_3LfL*J1 i>J_A )t_j_aj>. (jl (Jjs- i n 1 (jl <Ljj^t- i nil (_ctj_} (j-*J 
djn 1 nil 3jU JL»i duLS JLa3 . mJjLijSLII r-^L«JI ( _ ;r 3 mJj JU>. L^J O-ub /aJ-»l ou nl 
(jl mjVI aJ (^ (jL^ jt 1 1 Laj a. a ljlj-3l I_itjj_a3 (_, K II OlJLs' jl (jLcuJ^U 

Ljj_l1SLiJI (jl jl j_j_aLS-«JI 4JjL«j (_g JJI .j* «l~jAtt ^^js jjIj j^s ^~t ' " 'lj 

j-jJsIJLkJI ,j_a JLjvIj i."i j"I JL3J .(j^aLUiJI ^1 i>.Lx (^ OuLs" La 4jJlJ(J,I 
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acuLacJI ^3 CiUgj^ ;nll 

SjLcLiU » '-"''•*- J 2 4 '' '-,_, Sja-UI oLso^MJ Ltxj I j»*<^ j<u j^jJI-ditjj.LiJ! 4J-J-2JI 
((j-La^Laajjjj'l) i -i £j* "I'j'a *l i ui? 2 i ■■! j ' ~j " j aVI j jk> L3j (j^ ^"^ w ^ 

u-^ -1 < -*— i j— j 1 (j-o (3i>^ (j^-*J '" a • ^-i Lijj^j-t I (j-° J^A^ *yl ^"^^ lS^' 

(J-jjJs^JLi jLo£. «LcLLi-a (j»a 4jj^Ja Ij»a_a2 I «L]jLi_iSjl '"«■ c I * t gaJI 4ij_*Hj (J_aL*_a 
jl?<tl I jut o^J i3 iil"i-^a 3jW aLuSiVI j-jfili liilij i3jl j III (^ Paludrine 
A i j <jj j^ !jL>. j^jJlj JL3 (jL^ JLjJUX. 4-&Jj . Ljj^UI J-^3 4-JUntl Jjjui 

4-2jj_la-> «Jsj jJl3 (^jLaoSLII r^bJI er^ ^^ Cr^ L? J-" (j i " MJ-ll A J-Si!l Lai 
/<sJLc (_j-Lc (jjjLlII i. i If I (jl .Cj1_Lu}H!I (Jjljl lJ £ dilj (jlSj iLaLxJ 2 p I" ^ca 
(JLua j laa LaJ Lajux. Fleming ;t i a U djlr <-2j-j>j i tu^J i(j\L-u-uJI 3-i.aib 
J irV"i g- 1 a & (JjL>- i iuSj iLjILilil lJ £ 'J^J ~^i>^-" ^i>^-^' <j-° "^jj- cr^ 
Ll>.V (jLSj-i«Chin (j-Luo» (ji ' fljjj i^LJI olj^.1 (<sj ijjii^j SJLiAll SjLLI 
Ci'ml I "j^J iSjLU (_^a^li>-" i ill ( _ ;r 3 7t-^JJ i4JS 1*1 U (JjLu JijjjLji^I ( _ ;r 3 (J-«-«J 

SjL^tjII CjLjVjJI ^1 r-LuVI J^><J ' '"^J ' 'jj a • >& I (_y3 (j^ltl CjLjaLs. ^yfl 
4j*_uj (j-a liili '^^l Laj 4_uL\II 4_lLL«JI t_ij_>JI jlj a"i»V Ij-l^-i < ^^i>°^'' 

^3)j_j_>J La4a_uj I^jlSJU (jl * ) J-~^jl ^ JLJ (jj-A-j- 1 i-La_j^-jJ 1 /jji^. tjLS JUiS i4£L»_tia_a 

tjA 1 1 ni ill ?r i t^>l ' ^„ J tt_l!Luk Sj^laXI «LcLU-£aJl ^JJU-uJ 1^-aJL^-" i u l (r^>* /TlIj VI 
CjV^Ljj/ jj j to (^Jl ,_£.}! gLaljLJr" ml (>SLIj ,t_jj^»JI Jjtj jaJUJI ^ LtSLi 
d ' *-»"tl ^J_A ^jl . jLoajI I JUjJ 4_u_uLt_oJv t_$j!i ^j-uaj-aj ^ 1 1 hi ill cLajLa_a 4jj-uSL) 

4_ml j i .I II ^j^ L^Jj I j-j ulj-j ; L^_i (j^aLi. i_iLo ^1 r-L"->ij ^^ .^"tl ojut j| 

. Lut I i^aj" , ,." jjj (jSLaj Vj ijJLajtVlj 4jjI jdl 4-jtAlUj d J'^"~ uiJl j_^>- 1 J-<J I J 
<_ajj(JJ CjLa-IiU OJL4J "— J Wj * a ^* * i T~ '" Cr^' CjLaHlLI JL>.| (^yu-mlxll (jl 

ojl^J (Jj«Jj . cj Lj jj^LJl I jLua 3_j^ cjlj_ul3 L^Jj . 3jj_jj>j| .-.I \l ,'^-,t I j,sjj,Li 
^1 (_LLa-! Ljj_uSLJIj w-»Ijj uAtl jja ei »j .utl ^^a '"'Ijj La-ail SjljLa djir->L>JI 
.^IjUul jj-a p^-i-II ^j "^ 1 ty±£- ' 3'y I-*t*^ (j-oaLullI 
i.'itjII Ja Liu ( _ ;r 3 jLaJjl (^1 (_^jl sLs-Ljoj ojjjlajj (jA 1 1 nijll i— a I uual (jl 

-LlSjj. 5jiKJI (^Jjjj-^^m 31ij^. ■d^Li. oxjj 3jj-i^l 5x.l i»^ 4jj^.I ^ JJI 

(Jj 1 1 ii (_5 ( 1 1 1 se la 1 1 J LjjjA ill (_IL>.j tdiin i n iLa^_LuS^lj CjLjjJa_iJI (j-a 
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(j-a '" )l 3 '"■■ c » Lga i '"'j j la a . Cj Lj jij-S—uJlI Si LeaJU Jal uilll J^c cii^s-Jl 

: i __Aj d j S j S 3> ^ 1 j a I j l d "I mi j se i L$_La (jLS 4_j^_j_>J1 '"" i\ LeaJLl 

Chloramphenocol Jj ^j I j a alja L£ llj Streptomycin ^ m jLajJLij" mVI 

* (39) 

(J-La-aJI ^ ji£l I j'** ( _ ;T S^ L<-u j .Tetracycline &\ Kjmljlilll sLcj-ajs-aj 

(_3 7r <^1j j_*2uj_a L_L)JlJj d Al"-» ^ JjjJaj (J-aju L a - l qj > . L$j| Lst-ualj jJLuj 
.4j^-j"r (^ «LjjjJaj LaL)^L>. j Jl>. *LL) (j_a Lj^_uSLJ1 *_Laj 4JI /^i^. (j-U i n> til 4JL>- 

iCjLijj£LlLI j_Lc j gal SjJI 3_ajLiLa ( _ ;r a ^LAa (Jj-SJI ila • .ui (jl Lut ^ » j !jj 

I j . .. A» i *j^"' (jl CjL>j|j£LlII * _ ***"" "" •(jr J ^' (J-La-AJI ( _ ;r 3 Vjl I j" ui a I "' JL9J 

diljdj .3j_l«j^5 i^jLcj^ej L^IsjL^j I jl Sj^jjJI c^bl i^iUj LiLaJl^ jljll jua 

(_jA-jj-«_L! ( _ ;r laju (jl-»j9ljJl (_y3 j-lsLS-kJI £JL& aI JLajjj/l JLLc-ja^JJ (j-o (jj^"d 
ijl^Ja LuLc (C$5 ' " U I JLA fj 5 ■ i fOJ «L]1 JLjl (_J3 jj-gj^ T u La jJ^9 4 a V i^> «Lcjj>- 
(j-o JU>-!^-i 4j>.^Lc Jjlj 3jUJL>- (_£jJjlj i.mii^I jl (jiajjJil (j nCnl I jLa .r-^LnJI 
(j| d j i ii ^. LaLaj ' klgj&jq jLflX- (*' J^~" ' "I U- o*^aJ1 (j_a ?r yr~i\ J _ &*J\ 0JL& 
jLjVI iZsjS'^ (jl (3-j-j-u J-JSj .(Jjal jl_3_«iJ 4jsjLj_o (_JjJj>JI CjLijj£Lus (JjSj 
t_ij^>JI ?1_LjI i^y)\ j i ii II (_p3j_o r"!>l-«J LaixJI (Jl m"n ui ^£i (jj I j~ U d nitjJI 

V .LaJ^uJIj 2u^lj>JI .-'I vl La II (jl ^ (., j mil ^it Ijl&j .4jJL!UI 2uiL«JI 

Lj^jA ill pjj (jl j JLuj . d j tla d -^ < a J j-J-i-J ' a J ' a3 (jl /yit-uj 2ij ' J ' ^*" 

( _ ;r 3 L^j^LlLo (j£. el Al"-^- «- .U>tl r-^L«JI (_ ;r 3 j j laJ (jylllj i(j^ 1 1 nijll SjsjLSJLI 
I 1 gj 3j_p-2l (j^ i i nil ( _ ;r 3 (jSLol JLSj .(j^ 1 1 nijll ' alij (_^jJI liJJj ( _ ;r a-j-iILiJ, I 

V LljJ^v 4-fl-Lge^a (j-l 1 1 ii i j II (j^j plj-il <cl_u^5 ((jjjjLcaJI J LtaAIl (^^ (_£j_a-u 
.(_gjl_iLll (j^liniitl ■ aljj mJJJI j<ujJVI jj»j t penicillinase j jijl mlAi ^^ajjilj 
dJJi u \cj i3jjjLSJ.I S-LtjLilaJI diV^I i nil fjjs jjJj 3jljjl>JI cjLajiil ojutj 

4_ojl_3_tl (j-SLI j_LaL5jlJI aJJt 4JoLl^jj Ll9Jji SjsjLjJLI 4 IS i"i a (jVI Ojij>.Ijj 
jj^. ji^j . Ljj^L«JJ SjLUall j_LaLi«JI (j1_i at-ilaj. 4 IS i"i a ,_£_jji.| 3j_a i.*ith^I 
pLi (jLlcI Lea (jljL3x.-Ljj^Loi! mJjllL21!I r-^A_«JI jjtj-quinine (jiJjSLII (J^t^ 
Chloroquine (j-^Sjijj K II Ls_4 4_lJLjJI 4_lI.L«JI t_ij_>JI JLLa I q jtl i»" ■■■! 
(jLljLsj-jjijjSLII <_a^Li- w ^ - uL^ ^*^ o'^J . amodiaquine j^^j^SjIjij^^/Ij 
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acuLacJI ^3 ulibgj^ ;nll 

L>-L>0 Loji JLSj l(jLo.^Lc I 1 j '' L*S (_pDjJkl_l <L]Ll^ "ill (j-O (jL-LCJXJ I 1 j '' (_gl 

(_3 j-jjL^j Cjj_$_Lb (jl » II La II $.^juj (j-«J •& '< i 'itl (j_a (jJjLag jj^Li* Lxjl3 
1 j i a^JjSj (Jjjlj^Jl JLcLu I j Lu L^B SjlcLtlLa (jS_«i jj-a Cjl uj i nil i La i ■■'j* 
i. 1 1 aaj j-iaLajL?! 0JL4 j^jLflj V (_£jjlc ^1 CjjLJuIj aI_lLj3j Lj-ijj j <i^j jj^M-LIj 

I jut (^ t;r <j/Lj/2l 1. 1 j i nil (jl 3^a3 • '^"'l LgJ 4^jI uiXI j jal ^.11 ajLSj LxjIj 

(■*■ •> j i^l JUSj .(_£j|jLl!l ^ j-lsLijiJI JLulL-J (^3 JU-ft'^l (jJI Ji^jtj UJI 
3-ajL°La (jl j)l (jSLaSl ^yalj ( _ ;r 3 (j2 I 4jjJj_u3 (_g LU-SlJl jj-<_LiSL!l ^\ Sj)^j(JI 

j j al a_«j| 3_ojL°Lo a^jJI i."'T- i ir^l jlsj . I ju>- 3jj)LJ jj-<_LiSLll Lj^Uil i_sjij£Llo 
\jS.tl ij& 5JSLt djIJ^S-dilJ) (j^j (ai-jJI (^i^-^jLijSL!! r^b-ll j-^ J-aJj 

4_<Jj2l Cj Li I j-j_>J I j Ljj_j_lSLjJI ^jJ-k-i J| 1 1 "i J L«_i3 t(jH i i nil (j-o Sj-ii-^l 
SL^Jxj 4-jjIi \-^jj^a IJLI /ylj^JaJul J_t£.-pjjJajJkl jJLjjj . (JJS^fl (^i^- ( I jljj^jlj-^ 
(jlS 4_J2 <j-\_oLc 3j_o (jLmj-aJI i ii || Aid lt\\ jy-i-ljl OuLa JLa3 c I Laj."l (j-o 
(_3 4jJ_jl3 jj-o JjJijso ^JJI ^Jt Hata LjLa ^u^j Cr^3 i (^3"^ L^ 3 -) -4-1 ^**'tj rt 
«L^j>- u O-i IS fCJ i Lc. I iii^ 1 I g a ' a j J I al i ■■' 1 j-±£ La£. ' - «jj Laja . ^j-AjJ 1 /7^_c 
i Lal_4-i Lgjl^_t-a ((^-j-jS^lJI 4-ji i ii**(T1 )) 4jjJaj OdLutj . 4Jjxl ^ya * Ix^aj <J Li_i3 

j ,-^"a?- > - r , I ,„ ; , tl {j\S jjaj .(_, r'^LLI Ljjt'ml lil U^. 3jl3Lj culS L^SDj 

(jljJl <_i Laj>.l (j-o (jLS till j) f-oj i L^-i-o ' a uual Lo (Jjlj 4j^l>JI CjI JiLiiaJvl 
«La_i_Li j 5-j aj («Jj • L$J uijI I (j^ii>J! 7=-JJ^J (jr^ ■" * I 3-g.l ii^< ( _ ;r 3 aL^iil 

«:LuijSL!Ij i_JaJI ^ Laa. SjiSIjJI ajlHiII ^^-Llo ^ic Ja^a ^jLijSL!! r^L«-II 

J_uS JL9. (jJJ AjUj,,.tl ^J tiJJj i^jJjLjO LlJIj 4jjLljSLII L^jUIIj Sj^JjJI 

t—iL^jJVIj (jjjdl (jl . (IjjjjjjjJI) slJj^I cjLJl^pJIj Ljj-uSLJI (_pslj^I cr^ 

!j_JjSL!!j gljli uLlIII (jlalj-o alj iCLuiJI 3j_«jJIj Q^.LLaJlj ijjjoilj (_^jjjJI 

iirjIiLSLaVlj^JT^jJ' L yaj i seJ^ji\ j^jj jtJk: »LLuili31>Li LgiSi.-.Tw^l LayseJj 

Lj^vLj (j^lj-oal 0JL4 JLkj («Jj •'^!-^■ Q J ' *"l (j^-*- 1 ot^-i-J-AjJ I » aIjL>JI ( _ ;r i>.j 
(j-3 3j)j^>-j_o J_lS1_lILj (Jljj V O-llS (jjj iJaii3 LoLc (j-^^J J-La O-llS LiS 

. ^^LaLJI («JL«JI (JjJ> (j-o j-jiS 
ol_>oVI» (jl (j_o (0-C.j-II— 1J .(jV! J)JJ_Ltl LijJLC ^ J ' "3J J ^ ll (jlalj-o^lj 
4jjjj>JI CjI J)LUaIlj I al i njl (jl j^^jJI c^ 5 " t3^**^^ UjJ-^ J-i-V' ij^ " w alajull 



85 



(jluulllg CiUgjSUaJl 

Lol »La_iSi II (j-« (Jj1_«JI (j-SLflj Ij-^-j ( _ ;r jtj- L«_o cjLkij^LlIIj JjLkJI (_ji^. 

(_$£ . <_£jj>.2| Cjuj^£LuI j_4-i £>£. LaLsJ d d u se rt cLojjJaj j^j_lL3 Cj L-oJij-loj 1 
(j-Aj . Lj^LjJI i ' I I J ^ ( _ > ia ; j 2I CjLiLsX. (jjs j_Juj L^ijLc Lj^L>- (^ (Ji.jG 

L^ajl aJlj-"i i n* tijj^tj 1^ ■■■■^'' <LJi»JI 3-iSLa ^ (aSL*iJI SulT^ JLiJI <. 1 j , n* 

z J_j CjLi_oj)j-_LaJl jj-a IjLjj-a Lt^L>J1 * ' i a3 lILI]} ^—L^j ,^jjji j_i^ * i^l i n Li 

(jl : l _£jji.l 42jjJaj j-o^i' I J-4 *_Uaj ^1 (j£Lxjj . Ifl i mil /4-lojj (Jj^ijo jji (j-o 
(_gjL*jSLII <_i-o^l!l (jl (j-^ I JlAj '• (jj'jjJI 4,'. j"^ » LtaaeJ 4-lL>JI J^m iLZjjia 
(j-o Cj^LijiLJI (jjSLlJj . L^jLoj 4lJo « L^j*jsjjj» genes I jj*» Cj^LuiLil! (jjjJajJI 
CjLmj^jiill L^la Q5^-" ^JJ^J inucleis acids 4jjjjJI (^IsLa^^l ^ <i . n~ jlj^ 

» Ll^j '"^"*- i Lj^L_>J1 «_aj_xj 1"*' 1 ■■jjj j-dJLj j^jJUljI ^jl .4_u_oL_ul d d ■ a i 
(_£_jLi-o r-!>Lc JL-*j| (_j-3 Lcjj iLujJa (j^aj-dJI (jj^j dlljuj 'J-^l *— 'L^jOr!^ 
3 qjlmtl <LAi»JI ■ ahjuM JLtS J^sLc ^1 (jL iii!i '. Sjj^/jj-LflJI ^Ij-oSU JLlS 
4-g.l ii^-> Cj-4-i JLaij i=\J£ » Laaj j«J (J^s 2 I <2>SLIj • <j- u JL>t!-'^' f-° **ljl ' i'U (^^ O"^ 
dJeTui JLSj .(_gjJL>JI JLua It^ljJI ^°l 4jLt3 O-lli ^jlj- 1 (_p=L«^>-2 CjL^jLitA 

CjI j 4jjLij^ 3^Lo AjSij^a^l Du Pont de Nemours jj-a^u <S± "-^^ J J ^><i 
^^j ( Adman tidine hydrchloride ,jj jlloLo ^Vl jljj^Kj j JLut) vd>^- VJ^P 
^j ol L^aj rt ' ?<_L4-i L^j) jJLuj . (A - 1 P9-O 4-j^j 1 11 2 1 tj laid )al ^j-a p^j JLua 4jijl5 
( _ ;r 3 a J ""ill CjLjISLoI LiJLut C-J!j Lo 4JI tcUsIjj . d \-ui$j i'M JjLkJI 4j>- 1 nil 
^jJLC: J ua 5 j ui-xSjJI LU^ er* ^J'J.'^ 11 <^jLcLfljJI o' ^1 •oL^J'^l I J-* 
^^.3 1 . . Laj JjLi «Ll<ii «Liji 4SUL^ILa d 1S1A 4-tis yc.j-i.aj L^jl VI P CjLx^j^-loJI 
(JJj_lJ3j_j_iI jjHiii" 3jl_a Clll ij" 1 nil (Jjljl (j£ »l <iUII i— 3j-C JL9J . L^LLajjj 

oJLfli (Ji-jCGj CjLuijj-iiJI ^jji^ I j 'J'^* LaJ-i^- Lj!>L=»JI I j « ' ■ a" interferon 
4_Ua_oLc I j ~ » j ■ U dJIj Loj i4j>- i 1112I ( _ ;r 3 CjLx^jj-LflJI jlj "". . ..I ^£ SjLLI 

(j^LIj J-a^U j^.J_j i. 8- ! 3e j II (jl JLj_a (j-fl>J .CjLLujijjJI (j^ L^Jj^ 1-^- l-*^ 

(44) " - 

,t_jL~SLI1 IJLA jIjlc:! (>^ SIJS 4_lLsj«JI La>ljjL>- 
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c_d^ ^^-i-aJJ-U j^-J-y La 'j-J^J • L^^ JJ- ^ ' *J-* 

(<u ' a j^J i a ' fl-i-I I I J_A Lg_> j-^><-i' (j-J-Jl ** J '" J*^ ll 
£j in ->■ !j_fli (jl (Jj-^J J-JSj . 3_3jjiil (_^i^. J J ' a -- II 
( _ ;r 3 Jpj (j2 Li^o ^^ ^J^ ''I a^aaj iJluL3 LaLxj 
i_ijL>o (jlr ^^ JLS t-ibSLtl I JLa> ^ cQJjJ) La J£ (jl 

. A d fl "» rt 4J a d * rt 

of(«-l*J! e^ 5JSLiILs dllJ^j-aVl jf^J |ju=* 

ajJlUI CjJL^j JL9j . LoLa-i 6j£^a j-;tc 4_Lao-ul «Lul^>. 
I.-. •> j II jjJbLIj iLJLp-l ISjjII fjk jc-Usl^JI rajJajJI 

a^jSZuz 4J9LtL » ijL^tlij «LaLc ajJllj 4jLa_j_ilajj ^ oUTI 

i L$_La ,_^JJU>. 2 jl d j tli » Tc-jLlJ (^1 w gj '"' La LilLc. '. 
j\ *jj ' & jI 7c ■ galu JjJ k ' I u£JUi ^-l^J fiJa-U (3^-JJ 
1 rtA<tl c> uJj.lJi£' Lf ..aJUJI 4fbejj (_g jJI LdaluJI 

^LI^.^UI c-Jil^j ,4SUI «yj ^L* I j£> (^LlJI 
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(jluulllg CiUgjSUaJl 

(jl jjjji—LlI 4_aL*J j^_a2l jq_A| (j-a *- ■ '-*»! J-^3 a, ) 5111 «L*JL] Lo*^J^_i£j (yl^. 
iJjLc jl! JJsVl (^1^. jl (j-JjJ! tt^tjJI /tjLLi! 2 iaa.1 all SjJkll! (^i^. IjljJ-oJ 
(j I mi itiJLj i— aj-t-oJj .<Lx»Ll1I 3jlj)VI (JL>-jJ si gUtlj (jjj^~- ""^ (0-4-! ^-°- ,L 2j(j^' 
CiLa^ 1 * U (j-o 1 m mi OjJL>JI fy»laj| <■"<->- ill ^j^*^ * I 21 1 ^ili-a d i ii itijjl 4_]Lc 
(jl (jl i ii iVI » j La-j • "_' (jil ' a j^ .aj-i2a (_Ll3 i_sLjSL!I I JL& (^ I ^"l-»- , .. ( _ ;r ill 
S dJLioJl jj-o £/j mi 4_i^ La (j-UJ La^jt_a 1 glr (J3^-i (jl (j^-4-s ^*° tl^ -5 3>^ 
( _ ;r jt (jjjLlII 5_oLc (jlr ^ .' k '"' L»£ »l gUtl (jlr ^ .' ^" '"' eH-" 3jL>-VI (jl 

f. tilf J-;L£. (JJ-dJI I JL& JJljJ JL9j .(_UuL1 pJ_u3^JLI 0LJSO (j_OJ>JI ^LpjJj 3jJ)J-u3 

. ( _ ;r j»^j JL3 La£ pUlt Li^Lx-o u njt 4J^/ 4_t£. jjux.1 V (_j-iSLIj 'J-f^ Jjs " cr'i 

La j-j-«-! (jl f ^ k~ i uV t_jjL*nJI «lj^>-l 3-HjjJo ,2^c. ISj ui (jl i n'tVI <-3j-c liLa 

^L£ (j^-o J ->-**( iii 1 »l o I * tl (jL£ LLj . *L^t_ll .ij^co ^_A l_4-a LaLx-l (JJlJs-a ^A> 

La pj_ua^_a I ^^'^ (j - *- 1 - 5 c^ * ) j'- :t -"' pj- 3 *^j-*-* 0"-^ * 1 j'- :t -"' Cy° lA^-j-^' 

J I L#J J^j^ll Cj] J ^"* i U (J^jjJtJl -n g aJI (j-o Lc^j (j_ajJ1 f-a (jLi_uj2M t. 1 1 nN*i 
(^ sLtlVI jl Jjjjilll ^1 r"LL>o (jjJ! jl daAselJI ,j-o s^;^ (^ I (j I J Sjj (jH-II 

. J LdlLuJ 1 * 1 J L>0 £J-i-3 

^JJi jj j_j_u_aj ^jt j^^- 4 - 1 ^ >Li^ Lal_4-i I q ^* rt ^i i n^- ^jt M^l :«CLlL1 SjLXI ^j-* 

«_<ji!j 3" 2 - 1 C"^ ^^^ J '"'" 'J («J Mjjdl-jLaa£.VI IjLAj .t_!J^£LLLLl iJll^la j_LC 
|jL>. el Uj . .. ,tl t_JjL7tlII (j^J ^Jl£. ^1 J-UJjlJ-J_Ju£. )<_<-uLiJI (JJ-2JI J^'j' (J^ 3 

d o o ' a ^ «Li£.jl ^—b ^(—SjJlj *1^U Lusjjla a£j3^ £1 1 n-»J1 p ^ «j L^-t^ r«_i t 
plj_il 3_j3j (*JtH' LU^-»j ^j • L^Jjio «I^4-II cjLiji^SLui » ju* , .." V tiijjaj 
x_<jiLlII Q>^" J^'j' cr 3 Laj^j-v ji^ John Tyndall Jl jlLu q^>. q\£ »l i.i-»JI 
(jl J^b>J.La dilj £-aj .jjlU ^ (^iL^LCu ,j^ Lu^Ja (^SLU! o^*!! ^ j-i^ 
( _ ;r ^ (_£j_L-u Ldi w ■^»" (j-oj (j£ c-iijSL!! I jut (jrL^- LuLalj cjlJuj Sh SLpJI 
(jVI ii!ju*j V ^LUllI jdjll! (jl LJj^ ^Ixa V dili (ji^j .^oLlII J.^Atl 

(JLalLS^V! JLLt-i j-ol 4JLi vl ^".^Vl (J^i3 lU^'a <j-"y '-^Ij • 1 -' a - 3 l ^ jjj;= ^ (*J *^l 
(_, <i I t II i.'i se i II u^s\j^.\ ^j^ «ULutl (jSL«j iJj-irE-i \Jj '^"'j LLaLiI ^^ ljU>. 
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OLigjS.i.n.ll Jgljjj uqjS i^gUI ajisgJI 

. 1_lj>. jjj_u j^£Lii I ( _ ;r 3 ( _ ;r j-uL-ul IjLus jLcujV! LtljLcl I jl VI ^ 1 flj a w flxi i ■■ 
jj^^L-A 4— i j I * sc i ) :9-/q. fljtXI »l i n-»J1 (j»a Lcl^ajl ^^_o^^J^_jjJ)j£Ll11 ) LcajeJa 

»l i .I -»JI (jjjlkjj iCjLjjj£LlLI *Ll3 jajj (ji (jSLx-ij iLiLo~l (^Ij-^Jls) aIjJLII 

4-La-lILse rt j j c /j * c I t 4_loj /yS-U CU_jj*_i 4_i_L*_a 4_uj)j£Lj_a pl^ajla. Cj z^L*_uj 
i Cultures of microbes CjLjjj^LlII fjlj-a u i m" aJ-it^ .^j^.} CjLjj£Lixj 
j JL^ (^^ Lg_i^£.jjjj Cju^SLlLI JL& (j-o I i^tj jj^iaJj jji. Ij (j^>- (j-u rO-Aj 
i * 1" -» ia . 3^Jl£JLa ^^^ OZ>Lu±j| I flJaAse ' (_i ^, H"kj1 J I £l i h-»J1 (j_a J_)JL>. 
^1 i n ~w Cj^-*3 » Cj Li J La-J^ (j_a ■ la ^ i ■■ * (J^aA^s_a (j-A-1 »1 ' n"*Ji 1 J-A c_<_iS^j 
/» *>■ Ittj AjJ! (j-a Ja)^L>- VI J a C I (j^-JJ (j^-J-II '"'L> ''" "*""' ' " " O"^ LSj-^^ 
(_jii3LLJ (jjj . (_LJL>JU a ) a j j 1 a 3ej 1 4laLS !tj>.lj_a '"■ La caj. JLSj ^r* aU-tallj 
j j ' ea >i ' (_J3 a J sc **( i n" 4_i_L*_a 4_u_uL_ul ^£_}Lt_a LijLLA (j£Jj < LLA I Qljn J t *-» dJ 
2 aKIl i_2j^J Vjl ( _ ;r i£..}J .<LaLi i^jL^a (^yjtj »l 1 n-»Jl (j-a f l^jVI oJUfc Jila 
. (J-\_lj>.jJj_u jlj^r!-'' I <j-° - S ' JL£ ' I j "■ '-»~" ■■_' (jH-II medium «<-La 1 uj II » « 3 j a I ■» 1 1 » 

.CjLlj^£Lll1 d jlr J I 4_L9^Q-a-(J jl (jS_a-S fyLp*- J I »1 I n^» S-iLC (^-Aj ^^-^ '"I'M 

jLSl /- 1 c (_£^Hjtj (J^al^s_a (_l|-LfJ}a^a-s (Lu i 11 ^—5-Cj ujj^LjJL I <■ Mr I r*LL>ijj 
A^_Lj_uLj^_ajlj a6 i ^j ' a Jl a jj A , ,. A tlj aj j i n j i i U a J_jJ_>JLS ^j^Ljtll jj-* 
a I * ]g {j^a P3-JJ jjl mij-(J1 7-^L_ai JU>. L^ i ij^->- JIJ—^J-'-" J ' ' ' *~* rt J ajj i nllSJlj 
^jjLi ^jLa-jtS .3! tj 1 11 jj-a LJjI^alLa I la-U3> ^jl . ^ilLa j\ 1 uJlS ^Jjlj JLu3i^ajjS 
jjj . Ljj j"1S Ml jj-a j»uSj I 1 1 nLLa LLaj_oJ ^Jj3 j >Lt-a ^Jjl JL>J1 ^—b aJL^-**i i h 1 
( _ ;r ^ )«_ uaj («JJ 5_i^l!l jj-a (J^ilaJu 0^1 JLcl (<u («3 jK 1 nil (j-a JjIs 4jJI I fl-i-Lal 

tiiLjjLoc L^jlc I ; 3j^UI Ljj_uSLi (j-a (JjLa f«JLc 3£.j_<jij 4_l3 Ls_Ll j^-sl^ o^-° 

a J^ir' 1 n" Ljj_uSLJI jut OJL^ Uj . Pseudomonas ( jjjLiayaj.iaj-u ^ a 1 n" Sj j i 1 r-i 

(j_a La^lj 4-cj 1 hi i*!!^" 1 11" i_ajj^i l-#JL^ >s 1 nil Zj 1 11S 2 t_ul jdl (j^? - ' "VI 

3_^I^MJI Lj^uSLJI IjLu dUi ^j .JSLuJI jJa^, JLiiL VI L_j|Jdl sl^^JI 
(jLcj_<j/j . 3x.jj_U ' La 1 "j j i** ^ jjj-Ltl (^3 Clostridium ajjju^". hjKII J!La 

(Ju_ij>. jt_L3ui5 4_La Ojn.jj>* *-*-M5 i«L»_jljjl ^Ljj^ Lst£,j-a 1" 1^. jL_uJ 2l JL^_l La 
jj 'C *i 1 uj . j *\ 1 11 II jj_a (jjj^SLII J j 1 11 Si (jr-iLj 4_Ljljjt^UI Ljj-uSLJI CjjJj 

plj_ll (j^. I % I ~n (oJj>J (jl JJJJ (ji )«-fl-iJI glljl^ Jo^iai-VI Sjjjui CjLiJ^SLlLI 

.5jj*._all djLLSLSJI 



89 



(jluulllg OLigjS.i.nJI 

4-C.ljj_J! (^j^l cLajj-LaJI ^j a i ii "j Cj Li jj-SLj-U (j_a JIjs-Ij pj_i (j_a 4-J^SLa 
j I) LljLUjI I La i "j ajlj-1 in" 4ijjJa ^^-Aj enrichment culture 2 xj\ . -^Vl 
SJLlILI Ljj_uSLJI (_>Ajlj JjjJ l_Lj T ^liLo <_p3j.il! .selective medium (LuUtoJl 
LcSLJj (J^a (j^i I i ii i ^-i j Lo Ljj'C i » I La i "j » ' "-" 3JL>JI ojut ^^ . jj^>- jjiilt 

(_5_Lcj 11 La 2 3 (_£_aj»JI (j\jvjjlij| f> J-sr" ' "" (jhJ' '— 'WjJ^r!^' l ^-^ 0< *** *— ^J ' "'° l 
j-aJjl ( _ ;r 3 IjIjj LaJLt£.j . (j^*- _i>"-^ 'LljiXI ^-^-^^ '^!-' £ ■ ^-jj-^' •*• J ■ aaJ dJJj 
(-^ Sjsa^^aJLI (_£j»j>. 2l Cj Lj JJ S j a it Ma i im a t."i i ill (j-\j>- jjIIJ I ^j^* ' 7" J ' ^a 1 
iCjLjjj^LjJkl jj^ I Lagia. 4cjj_LI •» j i aa3j j^iill (_y3 j>JLA |jLil£ . I » jU 3-Jjill 

L&^Jj.JJsVl (_,!£. 4j!jlJ! (j^dyMj"'H 3*ntl Ljj_uSLJLi 2uic. JIoj L^iSLIj 

I Laxla Ta (J^aJ->JJ <_£ jjLiaJJl ?d-a LuJL] 2 Ojj-AjI Ljj-uSj iyX£. ^Jj i a >■ 1 1 JLjj-j 
JjU JJJUJLjJI i2jLl_j_£ q^*,' JlaLUal (jl La£ ij'C intl JjU C+^j-£l\ 

(j-a j-_jJlj (jl (jl i n i 2 1 » jj gall i ■■ la . JUJL>Jl Ljj-uSj ^a-aj (yi£. f-^~ <"i i jS i uJI 
«Luaj_a^>J1 ' ^* ' *a jS i nil (J a 1 3e a 9 i«Lt_pjj j-uju <j_a VjU Ja i uaJI 4_Ua^-<i^>- 
(jL_uj21 J* i**i i n i JL9a. . Ljj-uS_J1 ^a_aj jj-a j^ji '""JJ La all a 3j-u5_>J1 ^a_aj *^*- m i 
lLLI JUj 1 4-AJj rt j 4^L>J1 /^>- 3»^ I a a <^>.L>.j a! JL^-"i t iiu d Laj i ■■ > cL^jj-Laj ^I^Jl 
ljL>- 4 jjU 3j£La O i inl OJU* (ji (_j-l^) 4_uljj»]MJI Ljj_uSLJLi Ja • "jtl c-i-uajej 
LJLc. Clostridia LjU)_uj^aKJI CjLjjiLLa (jV iSj^-^ ■ La ■ "J aI jiel^l JU£. 
(_p_a (^1 CjLLjjjSLII (j^J Jjl^ <&l i^lj .(IjLlilj » LLaJtJ I )l^JUj IjLc. jjjj La 
v^jIjJLLI! 4^LUal (jl La^ Ouj-cSill SJjJljJL I Ljj_uSLJI JJLC JUJj iia '"jtl I jut 
4jJLtII Sjlj^>JI a\ jLa-"i i iilj . jaIILi ((j\^>-Jj^-iJI 5ijj^)3jILijJI Ljj_uSLjj3Jj 
Ja-maJI (j-^* Lr^ ^-^H (j— t ^-" * ^J'J- >1 ^' 4_tstja CjLi^S_lL1 x_jj?e_*IujL] ^j^**'^ * 
( _ ;r l!l LtJL>-J ^jJt Sjlj^>JI AjLflJ jO_uljj>. » ' I aati (jjJI CjLjJj£LlLI (jl JL>o L^J 

i^jLaJI » qlaj i uJj i L^J JJJL>- V pjlj-LI t-jLi^ii.1 CjLJl£Lal (jl TcUal^JI (j-aj 
a JLa-"i i n" (jy^Ji d)L)j^£LJLu «Lt-aL>- ^Lj-tC pJij-J^ 4_u_ul_La LLaL_ojl d ulAJcj » cLtaj (jl 
!.*■ nijtj •• I JlSLitj dlL-u^LJI .iljjsj 4j j^-Vl il-^j ,UIUllj,-.lj jUtlj Jj-»<tl 
(jl m'lVI Ja ^ .M j J la dJJi (j Ir j . 5jlsLi i_4j^l!l 4j*j^I^II JoL^/jVl J^ 
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i A ,^-^V d Uj , ,, \ 4_ojjJa 4_j 2 U-t-tse-LuiJ 2i 4_jJt_j_LLaJ1 Cji_ij_J1 (—3 Cjl_ij)j£Lj_a 
3_j_t^_j_jjJ1 5 j La >i ]\ Jil4J-5_alx. 2 a-uaj-^-iltJI pjljJLl £>£Jj * Lj^^.'^ f j'j-° 

3_c1jjJ1 3>^ O - * 1^* tl)J'-4 J ^ * 4_i_ilaJ1 Ll>-jJ^_ujj£_lL1 »1 gU'q till!} *-oj 

Sj-tluLi-o < t.laj| js-LqIc j-aJLi 0_iJt_j ^ ■ ua> <d_Cjj-a ^Lual j_A ^jJUuLi < )LuaJ,| 
.4_j_ua^>JU Cj 1_j jj-SLJL 1 (j-a ^^-^ 4-J^-<-u (Jj-*^ <Lt-oL>JI i4_uliU1 3jia_>J1 ^1 

^^j-Lc j^j-^t 3jL_j_*j j\ i <* y a >i 1 , 1 cjLjjij£LJL1 (^ji^. ^jL-uj^I J < ^ jcj Loju£.j 

aJlscILui-1 £)] 1 JLA 3^ """ ^'-^J-* 3 J-*-"- 1 ' Ol * <: ^i-^ J ^Lta>SLJLl /^J-C J| j < <a >■ 1 1 
4_i_ua^>JL I 4_CjjJJ jj_a 3j»LK-^a 3j_La£ ^ scLa - ■■ Jji^ j-^u-u tjfj Lj_a^LA LLa_i_uj 

Colony 5j ^jlILouq *_Lua_jJ jjL£JLj J ua-dJLg <__ij^£Lu3 Jl ^jLs j_o_LlL] 4_»_a^l^J1 
CjLijj-SLlLI (j-* SjLcLaliil CjIj o»" i nil LiJJG ^Gj i d-^j LfuIlU CjLijj^LlLI £ya 
4_Cjjj-« ^JUlj (J I >-j-uuJI (j-* LA^- 5 J-i^-^-J . d w ^ >, t t 1 cLcjjJJ ^—3 3j_jL_uJ1 
«L_j_S_i <d_Cjj-a L?~^ J ""*"»• i tillJUj 4_lS_lI1 Cj I >ajlLujJ, 1 lilij ^j-* ^V 36 - 1 SjliJl>. 

. Cj L) j) j£LJL 1 (j_a 

Jot" m-jj .Plating 3^ ' ^*^^ fjj ^ o hi" 5_jJLc-c ^^ I J 1 11 j_a 1 J_A 
jo_i_u1 j-Aj) Petri i£j-5-i 3^-p 3 ' (j q ' "" SLLaJLo LsLlsI 3^Lc ^^_^>.jJ^_ujj£Ll11 

d Lealgeu ■ ••a 4j_Ljj^Ljj>. 3jLa L^jjI lJlj-lIsI JaL_ujl /^ic (^jli_>ij (L^iljJl>.1 (j-«l 

L^_i£ c-t-uLJl ^jjl o***( i nj f«-Aj « Agar jL>.l S^LLI i>j_A ^ o i ujj (j;j^tj < ■ uig qj* 

Lk-j-q^v J-o-TutJ /y^S t _ 7 J^'-^' (J J '-'-"' '^tD^' lP - * i '-^ J Pj'j^ 1 L^~ U J t^ajeU 
CjIj ■jTiiiia «_Luaj 5j-tji ^IjLcl jj-* Siai-lXI Sjij-ill CjLjjij£LlL1 Jajv tjr L^. 

Ja mjJI tjj-^ L)' (j*, 1 'J ^> 3^-~*' Cr^" ^^-iJ^rJ-^' ^"'jj r^^? - ^ Ct^J 

3 ' lJqjI 9 i La uiaJI Qj-^-i tj' Ltiajl (j7 -t-uj L4-11J t( - < ijjeifl 4_uS>J ^—5 Lt_i_uLLa 

jj I (jri-J-y tillii (j^- N '^* a J • 3 o-aj 4^.1jjJ1 j^ 5 U»**k nil tliVVIj 4_^>-L>.jJ1 
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(jluulllg CiUgjSUaJI 

aseptic . <j\_^jJj_ijjj£LlU 3JLI w *»-p 5 « 1 I >— ijli uVI I ju» r-Lbejj . jl>. o-J-^ 
-i 5 »" jl ( _ ;r JijJjj mlj^II CjIjLu ,j-o <*-<JL>. J-«-«JI <j^ <_2jjJo ^l-tethniqne 
O-SjJI (jls-t-U L^IaAseJ LgJI m"ii ul J.l3 5-aJiir" i nil Cj Ljj>- LvjJ I j JoL-uj^fl 
i_LaL_uj 2I x_uij>. aaaj (j I r*v^**' ' " I 2ij . 4_uLij»$i jlj^l jl < laa * < ga rt J^itj (—3 
L#jLJo£La (Ji^eJ J^9 i_3j|jJiJI OJU* JlLo O-so i _ T $b]\ j2 i La a « i a 1 I jLitjJLi 
jl jj£Lajj . «L_i-aL>J1 CjL>.Lj~^>. z 1 Cjlj!i CjLjjjN j alt 4_u_ul_La j-;tc L^LtjeJa. 
CjLjjj^LlII ^1 » j~ i n2 lj^>- I ^J a ' UejI/j-a-CjVLsJI OJUt J!la ^j^-AjLa-" i m 
^ i ^-" , "_'j-*l j Je i " a lu\ J}_a^ 4jtuiVI jl LaL>- 4j<j~jI aJLJt-'i i m jl 4_jj>.jL>JI 
^ o a * 1 1 dJj**( < ii^LaJI CjIj^Lj (^u^^j^_u^S_lL I JUjjj ^—3 LaL>. d * miLj ift-uia"JI 

w I-- .(_gjlj^>JI pjStltl (_ya 2_.jlUtl 3j|j_>J| cjLvj^ J^iitlj La Ij^LJ L$jV 

jl «UI (jl_j_Lc =L>-j^ (j-C 3jlj^>JI 4^>-jJ f-2>J La-a 1 La j JLctaJL I jUtjJI O-so 
JLjj. ■"'! J-La-C JJ-^J J-^ «l * "~j 1 1 3jlj->>JI CjL>.jJ J_c£. (jj-aJI (j^ (j\ir 1 n"itl 

50 (j-c 3jlj_>JI jujj LojlI^. L^-iIAl cjj^j (jj-II cjLijj£LlII jU "u nV ^ *.; *'* 

-Cjujij£LlL1 ^j^* 1 fC_uljj>* j2 4jjj)j-Ua CjLlLjjuI 0JL& (jl /^i£. . 4jo_i-a 4j>-j.S 
(_gjJL>oj . "jlj^eJJ 4_ajL2_U Sjujui (jj^ JLS-^ L\J I J .^Atl ^^ Lu'j La^ 
. ia_uljj>JI <j^. fi-u^ p'3- 1 ' C"^ l 4 ^ ^J-*- 1 ^' "^jljLcoJI [jj u\ 1 ) 1 
(. ilfV 4j2JJ! pjl^JLLi .Uj,,.^.tt CjIj»h~iiiiU Jj^J 2 j 1 a >■ ( I fjlj-tl Loj>J 
(j^LIj i j j "i -si 1 (_yi 4_ul JLiJI JaL^/jal (ji^. j-a-i3 (jl (j^>-*-i (jj-^' *— '^Jj^r!^' 
AaJj-u£L)j£LLa Ljj j**iS 1 9 ci\jq , ,.\\ i>jL^j 1 ^ , ..1 ' " , ,.l (jSLaj z Cj Li jij^LlL I ^j^* ' 
Jjjlaj JoS Ltj^j j 1 nj'ij /«J a!j_>J! i. . 1 , 11* ^pJlMycobacterium leprae i^jjjJ 
3 j I -»J1 3j_ljvj CjLjIj_i_>JI ,j_a 3_l2_l!I pjlj-1.1 (jl La^ i3-ij>J! 4j- 1 n't^l (j£. 
(j-jJ! 4_lj>JI Ljj_uSLiII ><_a 4£j"i i"i a I g-Ac J j 1 ^> -- 1 1 CjLa Ijjio ( ! J jjj jlJ-J I ) 
>J LaJl IjUt ( _ ;r ^ I^LLc Cj Lj jj^LlL I JlJuI (j-aj . Cj Lj I^jj>J I oJUt L^j (_^jJuj 
2 la j 1 ■■ j I j I i^'a jjSLajj .4_pJI 4j>- 1 n 12I ( _ ;r 3 L^£.jj (»j-ij (j-^' CjLuij|j_LiII 

«Lu_ul_La » j^jj 1!i L^r M^-a ju dJJ!i t (^jj>. 2l CjLi^S_l11j Ljj_uS_J1 (j_a fiLaLJ 

jjS 2I CjLij|j£Liil jjtiaj 4_cSLIj i4j^L>. (j^j iLajJLi Cj L»-u jj xail tuuuJ <iJ3jJI 
jJ-iLJLj LajUjJj c-u^-i-7r ujvjLI (j-a l_Aj^j-a Jjj^?e_aj-Cj L_u^)-Lil I (j^>-Ij • LaJfc3» 
j, h j;j 5-j- ni'tVl fjlj-a (j.* Lalj^'i ml JjIjjlII J&j . 4jl3 jjLCIlI ^^ 
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. Ljj_uSLJ! fj!j-o jl jc-Siil rL>-J-!l 

u I c SjljvIj 3JL>. j_yi I j - "* Ijj I JSLj/^JI J ■ v»'ai j<ut (jjjLlII (j-a ^<»jt->*t I 
jumjljj (tSJlSJI J-^t t jj^,|) (^ KjJ!) ^jUJ! ^j_J! ^L^jj^ ^ JaVl 

.iljlc 2l ' fl-lAgeJ ty\£- Lt_uLt_ul Cj L_u jij-loJ 1 0JL& (JILa (j_a *L;j-<2J Cjz^L<_u ^J • *-»Q 
4^ji i ii a \Jt>j\ i"r 1 (2>SL4-i «UJjlU Cj1jl>.^j1 (j_a cJrr^ -*-^ iy^ u - i '— 'r^- 3 d ■ ' a&*l I 

jiia 3jlL«II cjL>-Llo~VI cjlji oLj/jij_Li!l 3JL>. ^ Lai .oju\ mil 3J^ mil 

jJL^I Cj Ljj/ jlJ-J-3 ijJLijt (jl (j-a (j-UJj (jyi^- Lul jtJS^aJlj . LaLaj L$Jj^. ' . ' * ""*_' 

.j_Oi»J,! J* L^jj (OJ ^1 (j_a J^-lj^U 

L^v^j^_jjj^£LlL1 (-1^. 3 ' ' a ' u'j ' " ^J rt LuL>. cjL_ojj-LiI1 <3_JL>. (JiLajj 

I j c jj i (jjJI CjLjjij£LlL! i_d^l<j, (jLi ,jpj (jl (jSLa-i JUs- i_£l (^1 : <LaLc 4-a.Laj 
(jl * ;"'"" 2 Lul (^yjt 4jL>-VI S <L»-ulaJl (^^ LgfJjljj/ sbLJujj j_ji>JU ^j£ 
/oJLc jjlj-j^jll.l Kluyver j-i^aK ^l"nn^l 3jLc (jjs (jK jlU .dilj (j-a (j aXn 
Ljj— l T lS Ll II pj'j-a (JS (jl 4JoJLl Ji^eJ (jI-L^^^-Uj|^£LlU ( _ ;r 3 JJ<j'"' (_£ J_Jaj& 
^ ^ - ^^-^u I ^"1 " ' *-» Cjj-jjlj Cj2t^Li_u L$j| ^C\ « 4-L L q- t -a Cj Lc j_u-£a_a » (_& 

-CjLij|j£Ll1i.L3 .dJLii ^Li Lu-i^a (jL^ JLSj .4_lLsj(Ji.I f jljJll JoL-ujI lJ J2 jjs-lJ (^ 
w I c J ii_i_i£LlJI ( _ ;r ^ *LJu_fl>JLa (j^aSI La> L$j Jll-j^Lul (^LuaAll (^^ Lulj Lo 
Jl^ ilLsJLA ^ CjLijj£LlLI tiJ^Lj, (jl (oJjijj Lajlj , U A -»",j ^jl ^^^.^J^uji^SLlU 
j_A , U j , ,, i II (Jiillj d J * J J 1 j" 1 ''.;.' C7^ ^*^1 ' ■■; 3 ' *"'J L*r>^ LaLaJ 4x._LJu 

r-Ll>u (jr^j (Salmonella typhi (_gl ajLi ^LlJjJ.Lu jl) >j a xill Lj_uSLi J!la 
dJJij j_«_Lll (_L->-l (jjs (j-ij-al j^i^ j-4j itryptophan (jLa^Ly^JI ^1 LijI j 
- > i"i-»J. I (_5 d 'j^ i ■■ * d a < a 1 1 i> JLA JL^oj (r-Aj « N J ^^" "- 1 L>^i>-* (j-* m4>^ J3^ 

(j^Sj jL\jj-«LajLs d I a j i ■■ i L^j (_^)L>JI (jLs^IojjJl *_i_i-a ^ 1 »**m L^jI j-fl>UaJlj 

(_£JUu (jl (__A (ju^Hjj^pJl (_JI LjU3» L>. J_L*j_*_uj L^Ll>u1 (-S 3Jl_o^jJ1 cL^jj-Lajl 

. JUJL>. (j-a L^JJJLJ <Z » ijL^tlll CjLll^a-O* (j-a Ljl^a-O^ L^J 

jLp£.Li Aj -utl Lijv^a-u jj£LlL I ( _ ;r 3 iLi^sLi. 4 jn itil LojLji jj^JlLI (Jlj i nltj 
(_^ajj-a (j_a A_lLc ^J > *~>- i (^JJI * )Jj£LJL1 (J_fl> . (_palj-a 2 I (.mi h" Cju^j^LlLI (jl 

(j_a (J-j-Ls jJ^ cjVL>JI ^j^-«_' ^ <_dl_La> S u^s^X\ ( _ ;r 3 w <LuL>JI <_u mil j.a 
(j^ JL»~ S^Lc jjtj-AjJI (j^s L^ji^. J i a -> '■ u^l\ Lj-uSLJLa ; di!i (^ diAJI 
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Cj Lj I j-La-ua I (_J3 i_lll_L& (j^-Jj 'f* ^ ' ""' ' ' ' ' " (jj-*- 3 L&jl-t^l (lA- 4 - 1- ^}- 3 1^-? 1 ^ ' 
(j-a ■- ' ■ a 1 '"'^"*- 1 (J-J-3 (j-a 3-}^>.^-a CjLlj^S-Jj (j»a Ij-jtJJ 1.}JIC ^ilLa rC-a-II 
j_j-C i_ij|j_SLi_a -iJ^>-J JlJ-C VI fO-g-UI " aJul] i. i j i iij L$j| (j-a JL^Lill jj i mil 
CjLijj_>SLlI.I f l_aJ( (jlf aLc 3^' (j"^' Cr^*" f-^'>" i^ tillxA (j intj . LaLaj (_gjLc 
7-^3 Cjj-jjij j^IlSjjl j^oij JL9j . (jl '< < u 21 ( jjj^_i_oj <■ < i 1 11" /^-ll ra-aJI i^£ 
SJLli^j ^ 3j^>J I Jut-(^A^>->ljJ>JjSLJ I Jj I j I (j-o jj*j-(j\Jj_i ,j-a Robert Koch 
i^j^j <i II I 1 1 ( " ) fi* > (jl (j^-4-i * 'JL^r!" 1 * 'T^ L>^JL^ f*-*-"!- 1 •— *^>^ J^jlJ-^" 

(2) 1 1 U ui 1 ,_p3jj,l (3>^Lj La-Lo-j Lai^p- **j-*Lc j^ jIjaI jjr^ Jp-j >l (I) 

(_p3j_LI i_!Jj£LlLI < . ■ 1 1 nj La J-c£.J (3) (jiajjJkl (j-a ^-Jjij^LlII (Jj-C (jSLaJ LaJ-c£.J 
.^ Jaj)^ 1 11 II 0J-& jl i"i -*.! j j i imII (j_a (j_u_uj .^jl i n (jLt_aj| (_3 «LLiL>. J_i£. 
V^Lcia (J- 1 -^ L)' (j^- 4 - 1 (<s-ll-«-II (jl C"^ (lA-'j 4j&uoIj i_jLijj/2 ^lattl *JsljJI 
4_il AJ-J-II jilii (^ JJI (aL^JJI) i^^UJI Jj-Jlj • L$J 1 'I r 11 o*ij 10J jj* (jl I JLjju 
. Lj^ j**(N 1 II i_LaLa_lt (_p ^_a_l (-r^ f-^~ nil Cjljljjsl (_3 t. < i i n**i 1 (jjjjij-i^ j^paj-a 
Cil^ i i nil (_3 jj |fl * la 1 1 (jLSj .x_L$-a ^j >> • . 1 1 j 4_La jj-ua 21 Ljj_uS_JI 0JLA ^j^* 'J 
(j-SL!j i3_J^j_jJI CjVj-JI 1.11111 ^^ Ljj-uSLJI OJLA (jl u>2J' I 1 -*-* (j- Cr'i^' 
.4_Jj2l 4_u^/jj_Li!l (_JjJL«JI (j£. O-a-so Sj^jIj 4j^_uSLi (_JjJLC L$jl (jVI i—Sj^jtll 
4_j^_«JJ Cj Li jij-SLlI I 4j-u ^^ Sj_u£ CjIj_l«3 ^ j 1 i '— j II CjuIj U.V>VI i. ,j , ,i|j 
(_paJ)j-5 3_j_La_LjJ . 4J I i 1 1 ii z (_paj-^Jj «L»_uj CjIj-jjiIJI O^XJb (j^J L-a LJ1X.J 

CjJ-so (jl (jSLaj Sj_aUa (j^J jL*j>.2| JSLJ jtjLJI (Jj^aAll (^^ i.Stj t i_3jjj/J 
(j_aj . L$_i 4^^Lc LJLc. L^J (J-ujJ 0^3 "— J i>^-" Lm/Aj 4JaLx^4J JLpQjLi 
dJ-Jjl ( _ ;r i>.j i(jLo- 2I (ji^ti u^ (jlj 1 nill (^yls 7-ji (_psjj^ Ttjj^aj (jl 1 fimjJJ 

. L^jj 1 11 i_i L^JLa S^La^U ^«-i^5j J .Vat j ^a (<ut (jj jdl 

(jl j_A CjLijij-SLjJLI (j_a ^ ^ 5 * <^_Cjj-_a (-1^. I ' ) Q ' ea a> JUu 4JjlAj La (JJiJ 
«L^aItLa jl fibjijS j JLu jl '"* _ ' ^^ ^L-l_i_^ (J^. CjLijij^LlII jJLu (J_A . I J ■ ^Je d i 
Of] (Jj_u^1j_u (_5 -n '^"' u iJJ Jt> (J_A S4ij^tILa (__A (J_A S «Ujlj CjLa-ua ^^-^tJ-A iy-^- J I 
(_, I -^l^ i_j_l!Sj_j L^J (J-Aj S(«_ljIjj>. /tj-u (_L*J ' d J -^ (j- 1 * J-^J ' - JL i a ^-' £ - 
^_a_tJ (J-A : 4_uljj-a CjljLtH^-l (jl i n iVI (_£jl?e_] (jl (j£La_ij S Sl^oJJlj Cj Lt_u_>J IS 
T-^Laal JaoLa-j^S, uJI (j-a ila-i 1 ■•_' J^la-a jl si 1 n-»JI jl (j-dJI (^^ CjLijj£Liil 
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OLigjS.i.n.ll JglVjj <JuS i^JgLII dioSgJI 

Cjlj^)-S_lL1 CjI^ o***( i ii a jJLu t_ti_pj S I o j j IS jl L-Lga^»3» jl IjLc. ^Jljj (JJb S 
IjLQi.! christian Gram *!>»• (jl m«j/ J^V^ ^J ^ 5_lo}LjJI JaL-ujVl (^i^. 

jiuu 2L) I jl • "'* JUX. L^ijJiB jl d i i i --i U i r.Ua"-> I jj I ij'a j U'tl V] Ji-JL) 
Ljj-uSLlJI -ij' "" (j£ '-^ Lw3-;»lj^>- J^.'"'* >, '"jLp a> ^'' I JUt (JljLoj .(J^eSDI jl 
21 (^Laj 2i 1 jj-o p^Jj-^jj^l Sjujlc ^j^ »l ' aj> (_3 (J^LjUlIj (j^ J Q jl^ui^ (_ll 
dJJj ^^j-Gram positive J aIj->J 3-^vjll Lj-uSLJLa-LaLiJ a j j a a j-lc. JIj-j 
(jrt-Lui-Lu I (j_Lo j-j_3 Laju j^^aLi. pJ-i-3 4luLlu> (jj^" - * 1 «"^''' i la ^" ■*- 1 /^' 
(j-lJI Cjljl_j_Li-V! (jl ■ 4-Sj " i"i a (_£jj>.| 4-ijv^Jjj i n'^ (jnaSl uaj» LjJj LaluJIj 
jj-a > i"i > l— 4-1 gLil *"i i ii z I x_« * L-LtaJ I Cj^LcLojj pJJ-^'J u mJl iy-^- JLa-iAJ 

. * )j)j»£_jJJ «L*_j_tl3 (j£. CjLa^mi p^* I 1— (J AjLdJ l_3jjLL]1 7t_uuLaj d)lj)LJujl 

diljl i"-*. zl {jja jLj^cjTt-jjLm 0JLA f-fis (jl~-i1jl ' ^!~L2" > '^3T! J J!>^r^ ,* J ' ' " 'J 
. l_ol_4-! Cj Li jj-SLJi. I w I c i_3jji1jj to 'I .'--.II ^Jl .^ aVL 4j^jL>JI dJJj J « i"i" 
i>jSj) J) w ii » iLuj 2i 1 (j_a 1 tj mi j£^\ (jl c_t^t_] j-JLtSJj . (oJUUl J ■ a-AJI jJajl) 

jjjiLo2 ^Lj-ij-II i .I II i—iju-SLua Jila LoL* lj j<ji"i t_!jj^wiil (jl^^ia : (_L^3 (j-o 

SjUJjJI IjpSLJ! .-«lj.^<~ (jjs !jo.!j o^>^ 4_&Jj i5jJLi 4^JU djlr i_3jjil!l 
«Lj_Lc <_3jJt_UI (JJ-SLj (jl 7c^>.j2l (jLSL! ^liuo ^-i>^' c^ (J "'J*" c-^' 4^aJuJtl 

Ul^_) I LgJ ^1 c 

Lj^o~ I \l < V» « . '"^j' a i LtsLj I^ji'i (jl_o~ 2I ^j^-«_' ( _ ;r 3 ujjij^LlLI /tj-b Jl^J 
CjLj_o dil iili ill (^ («JL«JI c-iCj-J Jl^J i(_£_)j>.| 4jjLijS 3j)La jl LLujLLi£ jl 
r-LLiJ^U p -r 1'n jl La 1 (_^-L. CjLjjj£LlLI 3x.ljj (jl .t—ij^SLiil \jJt jj^s 5>^S 
Cj 2i^j>o ^Jb j-uiitjU j_i£jJI (__L»J\1 (j2 4_iisL>. d jo i n" /^-Aj .«j-uiitjjl » (. <a i n" 
j_i_«Jtj (j'C j iii^LSUI (_pl!j ist>#JI V^- (j^ ^^JJ^t!^' >*^ ^t!^ jI>II 

L^^^^jj^LJ,! »l <ilr (jSLIj . yeasts Sj_uiiJ! f-I^JI 5JoL^jj J^eSDI (jJI j*\ mil 

C^"? - UI 'J 3^ ' (j - ^ '- j ^ , JL>^t!^' Pjj^ a J^** ^' O w l>^" > ^ (*jW^' ''-'* *'^^' 
4_J^>.LJ (j_a (__A j^LqJtt T Jl '"*'_ 1^ lPJ 'J^i- 4 -^ 4oL»^-<l }Li£ jl *l^jl JJ^>-J 

(JjLlJ ( _ ;r 3 4_ujiJ_L^JI di^l'C i"iU (jl d 5-Lj-LaJ (j^s jj^ijI j-o 2I I Jul (j£. OiJJL>JI 
L^-il i i"i ( nlj I gj *l tJa3-a L$_$_jJijLJj L^_jI^IL>.1j pjj-I' (J- 1 '^-*-" (j-* 3j j iS CjLuiS 
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ijluiJUIg ObgjS.i.nJI 

I ^>.j la q>j jj g La ^—11 ^^1 1 JL>. «LaL3e LcaJ) jj-o oJlu L^_La ( J T Li<aL>JLl ( _^D^litIu_u1j 

i biochemical engineering 4j^j_>J1 *Lui_jSLJ1 3_<_uj_ufc ^ o . .n L^j 4_t-aL>. 3_ULl/ 

1 * ~ ;g**" "' /jj-Jl Cjlj^^£LlL1 (3^-4-J ^1 <■ J^^ \-Qj4 gbj-t-t^a jjll 4_u_u J_i_A 4]SLcujQ f-A 
(J^Ln. J-L4IL0 j^a-ua^tj £—11 xJsljJl (_£ 4_^o_j_>J1 ^Lua-pJl du-uJuJb ' " *)J ^" <-*-d-J 

^^j-S *_4_Uj_llJ «L?E_Llj J-J-J-^ J-^- (^j-Ji L±U!} jQ_l JL9j ,. U£q jjJj-O^ 2I (JjJl^jlII 

LuSLJj i^j^pJI CjljLtiaJJ 3_cLu-<a ^lr c_ujj (^jJI 4_t£.LLt-aJ1 Ll>^jJ^_ujj£LjI1 

I 5 a **' LaLt 1 a j g a A J^^- 3 tl>' * '.^ r ^- 4 - 1 lj ' M^I SjLi 2 ' iS3 JLU ^-* l ^LLiJ V 

. Sj-gTu-u-t, 1 <Lc1jjJl t/^-t^-l «b^_j_>J1 £i_ui_j£Jl ^-j-uJ-L^o ^o c ^-l^- 

(jj->J p jjTu-u-^-i ■ La dj >■ ) jjj d ) JLxLSHJ I JjijJaJl uoua. lLLlI^. /-Ju-J-^9 .j-u_>J1 

i j— j-Q^tHJl p Jij-Tt-i-u-a (J_<i^tlij Lo jJL9 CjLi_lL_u 21 1 1 la - "J jj-o CjlJjJL>J| (j-* 
. Jj ' ga >■ \ 1 J_ua_>»j aj 5j-uj_>J 1 j_4_i vlaoxJ j lT^* ""J I 4^. jjJL L L^JtA>ua L^_<j_Sju ij 
.J ,>% aVI ^j-a OJ^ * I * JliJl>. (j-° ' t - i - J -Jj *-^-i i-C- Jj^Tn-ol 1 ( ^fc% *" ^jl JUJUu LUoica 
5x.ljjJ1 tjy ^ <i_)JL^j Lo 1 JLA £)| ISj <a"i i n a j_c_) 5JLv ^5 icjjJLl olio jJ Ij-j^J 
?c— Leaja (J_i L_aJ 1 4_La ( alaj 0_iJt_j p -^ ua ■« j-ujJtldJ p JaU-mjQ ud i_L^3 : Sj^oTn-ui, 1 

r* LUJ 1 \-uaj>. jj-SLjaj fQ-j (j-* J * jt-cjse-U * Lc j ^-5 ^j a j aj CaIIq «Lc j^JL 1 O-t-ufc 
jjl i L^j ^JLiHj /^i-Ii «LCj-<_aJl jj ■•*' l J-<UJ Cju^j£LlL1 (j| (_£! . 3j-oIL*_u-o 3jj_uaj 
jjl ^jSLqj 7"LlJ2(1 4_u_aX. ^jl /-5 (j-oAJ fiL^jj-LaJl i>J_A ^JJ-^J « \JlUlj1 1 1 JLA 7c_ua 

jj-o J^l LLa 4£.jj-L1 Cjjij (_>-aj-5j A j^J lW J-°-*^ * ' i ^* tl *a automated q^Cu 
a\ J^-*i ( id ^ 1 r tjr J_u_ujJ1 ^paljU^Vl Lol .4jJl_lL2IlJ1 ^Utl OjljjI jJ <Laj^ 

t>jSj » xlaj L (j-Aj 4 (^ JLilSlu 1 j-cJtHJ 1 j^^ J LL 1 jj-u Ij jj-o 1j-;»jS I J J^ Cjj-cTlh-u 1 

. L4JI fl»**K 11I (_y5 jlj 0*1 1 nVI tjSLc-i tj^v 4_jJL«J1 4jj-^>*I ^'^-^-l 

CjLjij£_lL1 OJL^ 1]}L^ . LUajl O^e-Jl ijr 5 3_a_tIaX. ^-<M^ 3j o"! 1 nil <tc1jjJJj 
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OLigjS.i.n.ll Jgljjj uqjS r^gUI aji-SgJI 

Cj Li jij^Lu 1 ^j-a «lCjj-a ^jl i n l 2l i.'i 1 i**(< ui liilj .^-qJJl _SJ_>»J 3_}La CjLlJj^N j oU 
dJl^j" 1 11" Otjirej jjjs 2 I -1 la *j (ji pLLajj-u! 7-^-ax lj j*C 1 ntl jj-o ' _' uj 1 La 1 uj ^^^ 
• a 1 , ^ A -^- ' rt ^S i nil ju£j3 JaAxJ J^-^J tj\ i nil £jja 7-LLa j_A La i j£ U^**|S ill 

rp\ U i^\ (j-a j< 1,1 II ,j-c. JL-Sjj .3-c:jjJ.I (^a LpSLJI jj£>j JJ^*j l£J-I! 

Ljj-uS_] t."i i m t <»1 ^jL-uj 2l ^jt 3-Ij-« Cjuj^SLjJJ 3-4-1 _}JL»j 4_]t (^-^^J^-u^S-lII 
j.M mij-uI jj-* -SJUl _}JJL^_« «LtSjj ^S i nil j-j^j ' La 1 "J ^-3 ■ la 1 --J (_£ 4_^jLitA 
0j_A ^ji ^jl i n 1 2 1 ^ i "i I J tjjl mij-LII L_A^_4-l _}JU»_) CjL)J)jS_ua (-H^- J ' '""^ 

j!j_LL_l 4_j_Lc w J fl . SjLjJLC 7">J-i (j-o Lj1ij_j-C (j-C 4_illie_o Cjl_lj|j_SLi_U 
CjLxjJ-i 2I (jjl^j j-J-«-J J-JSj 1 2 la j 1 1U Cjj^j V (j^a ^~L9^3 <Lplj J j Aqj^SjI 

3_j^_lj>JI cL-g-iSLH j^uJLJ ^LcujVI » ^laj 1 ■■_' j .(_£jLijSLJ! I j'j^j" cJJJi^j I jj'*» 

3-fl-LljJLl 3_ul j-iJI j-i^sLuiJI jLlo-Lj dilij 3 ui it JLa JjJUs. ^1 CjLijj^Luiil 
Lljj->iJ Li£_r»o ^-o^J^-ujj^N j 1 1 A jj 1 1 JL& ^jl . Cj Li j^£Lu I 3-4-s _SJL>»j /^J' 
d j 1 nLml 5_3jj(_o j»J-ij Jlj Laj 1 Lo-^J^-Lill (^3 ljJJ-3 J-KJ CjLj^SLlLI ^^ 
_}1j_« /jj-JJ r p Llj>o Cjujij^LlLI ^jt cLfljix jj_« Oj <i <i i nil sLcljjJl Jl_l^jj . 4_<i_i3 
La^l J_al (_f JULLj Ltj^j ^ jaSLaliJI ^LCo^l ^^ ^Ij jjLCuJ S_Ll«ji 3_ol JLC. 

(_Lc jj ui 1 La 1j-_lIISj j " * J rt j"' J J' ^^-4-°^' t^paLoj^^l ^Jli-a LiajIljI 

^IjIIj 3_ul Ju«JI ^Ijll ^ cjLLujLLujJIj (jlsLi^Vl (JjJj^j (>iL>J.I j>ujLijSLII 

jj_a fj-i-II Ij-^-I ^^jJJ-^-f^' lj-ajli>-"ii ui JLaS (j^jjj-jJjaj^SLiil Lai .^j^-z\ 
jljlj ^LiLo 12 t_i (j-^LU^ (j\r ^^1>Z elLa q\ 1 m'iVI (^jd (jL^^li (^ Jjl^tlll 
' ^U-t^aJ ^jt (^jJaJI - La 1 ■■ )1 ^ya ^jLb iS^LLI i>JLA ^j-a (_£aIL>u j^i i«iUi ^jt ^jL-uj V 1 

4jJI r'Llso (jjJI cjLj^SLlLI (j-o 3x.jj_o ^1 1 2 t_i (j^-oLua (j-o M^lLs ^L^ujVI 

j J J 5-HJI » 4_j_L«_«_!l aJ-tb (j <i 1 11 "j . j_«_L!l (j 1 11 t"ij (_^J_a (_£l (^1 i^J-^J 

(jjiSLII jjjLaiU Sjlo^JI 4ijJaJI (j-4j 1 microbiological assay « ( _y>.^J3Jjjj£LJi.l 
j j c L-^i iii**(Sl t. i 1 1 11 /^s^^l^jLi^jSuiX \ j >, ) aqJl ^jlS Jl^j .CjLLusLLuJjI ^j^** ■ 1 
CjLll^j"r Ua .12* ) (j* aLLiAj 4j>-LlI1 j'i'^1' iJ"^" L>* L^J"-^' Cj' 3-^ J jt^jILa 

t-j-Is! Li^ . 1 2 1 .• (j^-^Lj-J-^ j-J^-^J u-^ < i-^'Li- 4_uutl (Ijjjjjj-JI) 4_Jj2l 

u j 1 11" (jr^-JI ^IjJkl jLpi-V 5Jjj^. JjL-ujS CjLuLCJI OJU* a! JLa-"i 1 11I (jiajtaJl 
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(jluulllg OLigjS.i.nJI 

I j o a j ) AJ (jLajjl jj-o JLa£. J_La 4_j_Lj_a2l (^paLi^^l O-lLS JL9fl . ^j LLaj-taJ I 

J—ljlj JU>. /^-Ji A^-jJl aJ-JLj JL9 ^ aglajl ^J-l L^T JI (^£-^9 *"- 1 ' _j 3>^tJ-^ clLaL-u^aJ 

.=Ll!Li sUJ-loVI ( _p=>L«j>.2l ^jJLHjJ iLL^J^ujj^LJkl ,3j-^' '."it j in] Cjjjkj 

^J LJsLi !j-ol Ij-A (jl£ '-^t'jJ "^p* tiiV^LuJI w <Lp (_^o- j\j i"" "L> L^lcljj 

J_laj*JLII I <i lt\ J pjj-ll 3j)Lcl (jj-^ < — ! WjL>^-^W ' ^*' *"->- » ' I i j~Ul , u«J (jSLxJ 

4_S_L«_a 3Llj>. 3_!L>. ( _ ;r i cjLijij£LlLI i.*it j r^-<a ^ ""j"* - '^^ ^-2jj-^IIj Ll^j _»J 

(J_*_>»J ^l_i_a «\_j_>J1 LjjJi£_tJI (j_a 4_CjjJL J^-i-a- t jl JLui^tljl fj-u ( ii /jy^J 

US' ^JjUI ^ 20 -10) Jjji,ijI->JI (jji 4j_^s JJL^a ^ 3?U« cjLj^^-lU 

i, t . T^^" uj-a\jL&» ^j^jjLmSjI d j o i ii i p i ii^ (-J3 ^_£jj>.2l CjLojJvI jj_« Ijjjlc ^jl 

Ljj_uSLJI Cjj^jj . I j*j-i"^ ojU (_£.}Lc - La i uj ^Js> Cjjujjv jJ Ls_Lu suspension 

70 J_Lc Jvl_L« 4 1 ^~*- d ,>. A-»- * rt 3j1jj>. CjLvjJ) ^-JS wjjjj>. ^c_l ^J JU JLtlu *i_La_u 
d j uU i_uL>JI I JUt (j-o (j-Aj • ^JjS- ^-*J-i 200 JUX. (_Lil3 2 lj Jj iSjjfLa i *p"J- i 

3_lj>JI c1jLij|jJS_lII 4JLx (^ (j-^J '(»JlII J-SJJ ^'j-^' cr^ U-°' jiellj-uV 
3_JjVl ^Lilj-pJI I. MT-'m* Vj .^tU! 1 juk (^i^ J^ (>51SLII Jiia. (j^-«J 

L^-uSjJ ^1 fJVJJ I. 1 J I III! (Jj«Jj .(jjjJtlll IjLltjili 4 il !!">■ SjJ Ir-n (IjljjJJj^J!) 

. Ljj_uSLJI (j^i IjLloju j^Vl (jii.1 jJI 
jj-o Lj^ j"(\ ill Ltiajl AjJI J ' a rt jl ( _^ia_j_J1 ^^paLu ^JlLa (^U^j-J1 ^-^^tJJ 
LjjJLSLJI tjl mJVI jic lj)lj .CjLjj'C i. ill J<ri" liiljv^ ji JLujjciJI «Lijf L-aliJI 
' d Lj (JJJ-J L&J_u3_>»j » xLall ' ■■ 1 21 cbLb j^£^i_>JI jN 1 uj (Ll^JLI ^j-a fi-ij^ (-r^ 

<Lu i** fLu! 3j>m 1 .^ jo VI ^ t-> '^ ■"' 1 j a a •»■_' ji 1 i iaj I * J^"~" "J 4-iSL!j u in>'^ 

i-jj-tij Cj_>»j ^— -al i n"i 1 (jl ^—JLj-Li^ JUi^tlul ^ijjJLI ^—5 T^JLlJl Lai ' ^tajegJI 
(j2 lju>- 4_«^LJ -Ui-a--^'Jlj ' a-iAallll f<u-uL] Sijijjiil 4_lLu>JI aJJtj . JLc 
f^^-S AjUa-" i n " ^j-Aj .5j>.jVil!l (^ I j » ■ ^3 j ^1 r-Llso V L^Li>. Jjlj pjlj-1.1 
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(^JUl «L_j_C LLuaJ 1 Ljj_uSLlU 4_Laj_oJl «LCj-q_>JLl (JILa pjlj-U Cj Lc j-qj?E_a ■ La ** 

.^jjliil J-^tl 4j1ju ^ L$_J1 SjLiV! CAM 



«ujj_al /— aXjl 4^j_<jj>JJ 6JJb (JILo ^j-a Ljj-uSLi 4_Cj)j-« C-t-sci-Lta I ' Jia jjj 

(jJLc. SjjLa Jj^l jl u^Vl o^ Ujjj) 1950 



.(1 I 5 3>. «u> j_uij?eIJLj <lAA^JL I cjLjjij^-lII o_jLS l!il L$x. J1J_oJ1 j-j_t 



J JiS " j * < ^-*'-«j1 4_o-LJI jj-a _ijJL^_« JJ-* VI £j_A 3-. " LH~i * LaL>. p Lt-Julj 
(Jj>*l (j-*J i 3?. LoS j-jju aHj La LJ1X.J <LaL*JI d se uaJl f-J3 Li>. Sj-jia^* 4JSLcujQ 

. j LuaHjv Li Li_A pjjJajJLl 1 JLA 3^jv1jLj_u tiUj 



Pressure Cooking : AMUl taiaii ^i; AimJ t 

CjLp uij i n U (jj£ ^JJUlILj 4jjJLL1 ^IjJLlj pj'j-LI JaL_ojlj CjVVI ^j^»" jftHj 

- 1 k>* ua II O_>o j Lit_J Li 5»al^-<a 3>_uS «CjLj^Lc)) ^-5 I g * i <a j J till jj Cj 1^-ljj^ I j 

I 5 3 J_a «l_jj_<-a *^>-j ^ I 20 (_] I Ljl_l^j>. Cj LjjIo'J, I 3j lj^>- *^>"J -i J '^" ti«_i^tt_j 

a_uIj->iJI j-tii (JlLoJ 4_i^L^ ^^-j-i I ^/ a 3jlj->J1 «_Lj 4_l9L^ SjJl^ i^j-^J .4^^^ 
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(jluulllg OLigjS.i.nJI 

Steaming : jmAmmJI 

» * -^~ joJ (j-j-II CjLj^j^LlLI t;r i£.l-vegetative 4_jj_Ua_>JI CjLjj^LlU J£ 
el\S\ u^j-C lil (jl i .1 jVI (jl J->»J illJi (j I r j jLie_jJI I j b 5j- ■ ' « ; ajjIj^*. 
(jLJ3 ^j-j>.I 3 j— a jL»_jJLj I j >J1 c jq_j /q_lj1j->J1 i."i i" /^>- j Laj i la jl^t-dJ 

^jL-uj^t I aoJLj tuaj LgaJI 0->o (_$lajl (J^^ T ij z (Jill 4JLjj3jJI JaL-uj 2l (C_jJL*j 

Boiling : i9 iiJ\ 

(^ 4_J_«jJI Jjj-LaJI j injt C^liT Ujjj .4_p.lj^»JI djV^lj (jLLuVl lIjVT 

• 4-Jj-JJ i^jl^iaJI 

pasteurization djwanJf 

jLJe_jJLj *Lj>JL«JJ *Lx_uj (_£jj>.2| el ^.UVI ^j>-» ja jj^i!! ' alii (jl (jSLaj 
«Lj^_u3 70 «L>.j.i (_ll Syj^ea^ 5jH£ LaI lie < n Lul ^aJj .jjQj I J o * La (jl ( _ jr JjLXJ 
/j lr J JaJjja ,a_jjlj^>JI O-uLj LujJlj 4jj-tiaj>JI Cjuj)j£LjjJ (_p OuLt LujJlJ 
OjIS (jlj 5j" i ii i j-J-i-J OjIS ^aJ La-a (J^olal 5^Ii£ 4_>JLt-a d ^ «UV1 * .I dJJ!i 
2a icLZjj-LaJI OJL^J (j^illj (jLcx alj Sj_LiII 4jLjj>- (<sjj La LJLc.j ^ i flj a j^lC 

. 4_a-^jt-a CjL^tjJjJ jJJ& U_j^ 



Ultraviolet irradiation rtjimiiiiH g$j <MW<IU i aila j t 

CjLij|j£LlLI (ji^. (j na i"ill - j i a 1 JjLil! j_uQ]l oJI!UI (Jj.aAll ^ Cjj^i 
*0 - ' a ^ CjLv^oJJ (JL^-a ^—3 g j ■ ga ! I CjLv^_a ■ La i ■■ )l *-£jJ • ^I^Jl L^LajeJ or-"' 
(jL^uV I -i S «J (jl (jSLa-ij (jj^SLus (jiLa 260 (^Jl^s^ <Lt^ ■ nAixll 3_J^ 4j>jI/5U 

4-t^uiAlxll <j}3^ 4juI/VI ^1"^" (jjs 4jljI/2Li 2'al A .^.tl sLjjial 

(jl m'tVI J_L>- (__glij_j pi < ni VI (j-S-Ij i4_JJ^Vl 4^l_Lu3 ^ cIjU-Lj-JJI 5^L«J 

.cLt-aLi. d d ■ a * (j^a-L»Jlj 
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OLigjS.i.n.ll Jgljjj <-o_iS i^JjLII aji-SgJI 

Yirradiation :UU 4Mb i aJla ^ t 

Micrococcus radiodurans jjljjj^ jj-^'j o^J^Jj^-i^ i_P-° 3_ojLSJLI 3 jj jJm f I^Jl 
j-jLHj ^jJIJIj 4-Q- T i- t - l I -Sl^-Ll A j 5 «J ,^J3 pi * mi 2l I J_fl> (Jlj-a a! jl^-**( t ul J^Ls-sj 
-1 j S « J ^^ 4jLjj_LaJ| oJLfli AjLa-"i 1 11" L*^ sLujjjSLIVI CjIj^^I Jila 3jIj^>JLj 
(j_o ^ c j ' . ^ 1 1 (_£j-j-J 3^ iJal (_p-o iijLa-J 2! ^ 4-aJLa-" 1 u-ll CjIjJ 2I ^j*-*; 

i3 ^<U^?I icLu^s (^ cjVL*-a 2 ^jjUtl ojl^Jj . L&j^i c3." " c-*-"-9 if ^"""N *t| 

(j-A-J Cj^_LLm M^^LiHJ ^1 L^a-AJI ^j d 1 ■■ £ljj>.t «L>JL*_« (_£ L^-al Jl^-**i ( ul j«_l Lib 

.u^ljSJI 
Filtration :{<mIjmJI 

jJojj .CjLijj^LuI jj-a I gjj 5 ~ * ^J-llj 1 11 II A ^*" I Jl>- 4JLi3.S CjL^txJjj-a JL>.jj 

^j-Asel! /JLl^j rt > I j-j_tia_>tj ^-3 2il Cjlj-tlLrKJU ?TjL>> L^-al JL>" t ul 



Chemical sterilization :^ §UmUI (ft>«a*>JI 

Jloclj I j^Ial I (jl .3_;JJ_Ll,! ^paljjLV! ^ 2 uuSj-ll SjLjjJaJI ^J |_La> ^Li 
L^Jl SjujulJI SjjL^i!! 4jLHIAaj ( ilLJ^jjlSLII ^j^i^) phenol Jj-LiiJI 
j^IS Tlj . Cj Lj I^_j_>J I j jjjjLdJ L$_L« diljjMjN j U d j t u j^&\ Aj) ( " 4Jal inn (_£> 



Chemical Sterilization :J> §Wn&JI (CmMmJI 

djlj_^JaJ.I (jl . 3_Jj_LU ^Ijj^Vl ^ 3ji,m°JjJI 5^jjJaJI (^Jl Lia> ^Ij 

LxJl SjujlkJI 4jjL&1II 4jL2IAaj (dLJ^jjlSLII ( _jii^j»-)Phenol Jj^LdJI Jila 

j^ls II j . Cj Lj I^j_>J I J (JjjLlU L^_La CjujjN j till 4_uj_*_u ^IlSI aj <i 1 a 4-Ial ui-U ^--A 
Cj Lj jij^Lu I AjaJtjq (JJ-^-J 3-^J t4_iJ^_(JLI ^LlLI j 3 1 ■ a rt ^—JS aJL^-**i i u 1 1 '^'^ j_^ia_a 

QJ^*" * ?>^^ ^W - * -n ^* ' J-jSjUj 4_a1 JL^-"t < ul » LaH 1 ■■ i 21 Lib ^jlj .t?l j oil 4j^1LI 

<_3j|j_!o ^^ 4_Lxisj_«JI mJjJUlJI «_ Li ti-jI 1 nLI ( _ ;r 3 j^ISLJ! j>Jg-"i 1 im Lo . LaLj 
(jjJLaliiil (JLalaalj (j^-*JLjJ' LT*-J UjJ"^*^' ij^-"' ^ < -" 1 C^ f-^^j J-Aj • ^L>.Jij'zl 
:3_*£La_i jLJLlI I jut 4-al jLa-*i 1 .il (j-i-jjj dl!!i t_aj . 2j<- I '.,^11 5x.| i>ijJI ^Ir 



(jluulllg OLigjS.i.nJI 

(J_iL»u 4_L-L_u&_] ^sj^>J\ {- £i ' -i ) pLuajJl CjL>.L>.j p ^* " Lot CjJL&Llu jJis 

(14) 

3jlj-jjl (jgl ej\" JUJJLJJ 3 >J I n ill 4- lL a J U 4_0^oJ| (_paj-*JJ Milton » (jald-a» 

! 4 i i nl_l_a 3jlj_>JI C__iL^ (jl (j iiT-"l 3j_j_-2l el t^-»ltl ^__) I jj"^ '"' jl L&J"^ 
^ I j i' a jl LtjJj>- ^Ir 3ji^>.jJ,l <Lujij£LlU CjLu-JI Sx.ljj ^J-«J -ill J (jlr j 
V (jSLtj i.'dni La =L>-L>.jJI (j-a j-L_-tl :3j__L_ll (jjSu (jl i_u*jj . LjlaLa f.\ JLC. 

. 1 ( I Ml (J II rt U 

4Jj_aLa sjLJI ( _ ;r 9 (j-^3 ^liLiJ j ) <: >jnH 3-aLc 4_jI_1S 4 i i h-v (J^o-LloJI CjL£j_aj 
LaLa_l ^l-Ja-S a^ o < u LflJtSJa (j1jJL>J1j CjLlUsj^I ^ ma (—5 L^al J-*-"< ( nl J_t£. 
JLjUjlj LaS ?c_ilj)jj| «(JlLaj» 2i /j-AJ aI «-Laj| J JJ_>JI (j£. Lx_l*j ' ^LaAa. c-t^t-JJ 

_ t j* w 9 i ^ij^ '-'^'j LjjIjj L$J (j2 vl y.^VI |j__ Liu jl9j .(jjjLJI (j^j (jjj_uS 
£jAju1\ 4j*jIj _ T l£. w * a " -^s » ;'-* > ^ - ' UjJLa SJjn ii U Ljj_uSLJ! _jil2j Laj___ 

-n '" a i__IL_L&j ' d La i ■■j" rt «L>-jJU d uLa < " * I j ^ La rt Ol flla ' 1 la (ja jl i _ul pl^ajla 
Cationic or quaternary <Li£.LjJI jl iLu^-uLQI CjL_2___U ^^-Aj CjLoLaJl! <j-a 

CjLLkJjl (j_a J-jUJ (jjjL-ul /^-Aj * jl>lt L^-al J->" i nl JU£. *-t->lj (jo£j (-r-1' 
CjLiL&jJI (^Js <j_.L_uVl ^--fc 3j_#l_J,l jj-p-l inU (jl La£ . (j«uj£L!I) 4jjL_i!l 
J" aj w j fl iC-JLUI J -a-UI ( _ ;r 3 Lulj Lai (jjj-*-" < * J=t ^'j-' ^4i3^' (.J^-*- L_Ji l_j 
.4^jj£LII 4_sjIjJI i. i j i n~ j (_}>*-" J-* 1 *-' c^' *"- ' WiD^i^ ' 
jLj VI ^j^* I (j-uLeJJl 7-^Lal (Jj-a c-t-pj-ul 4_La_u_uJ 4_LL*_a 4_uL_a_p -i'^-Lj 
JJjj_l J-JJ-a (_p-a) 4-LX.IjjJI ( _p=>lj_a2l r-^Lc (_^ a JLJ-" i n"l (^-Aj t Sj <j La t, I 

. La Jo. !jl\ Aj&Llu u-tij i (Bordeaux 
(jl ^lILa j_il_>JI (j_a (j imI^ . I j'* a J* flJ C^" tlh*j C^i '" J J r'n^vta 

jjj3 I j I ...» i joJ3 *La-j!jJ! L^la j ' "+" icjJLl ( _ ;r 3 dJLJajj£L!l ^j Q 1 a. i ■ ' -~" 
"UJ flj-mJI)) juiij (<sj (_p=>L>.j_U ( _ ;r 3 j^ISLII » i eaj (jl dJJjS jj JjjJI (j-aj . dJJ j 
(jl j J_ljj . I^oj (J_a_»JJ La 1j jLj «Lj_iLJLILj1 aj a < n Cjlj-^LaJLI (j z lLLJ j i lj *5 
(jl jj-ill (,^-L^. (J-a-«j LjJI ^tP* <j-° SjLcLaJI aJJt (j£. juijj 4_j£.LjJI i " ' I a La * 1 1 
j j La 1 1 a\ JLJr" i nl J_Lc 4_aLc ^ a_i.au 4_a£L>JI (jjs (j^Jj -_)-a-»J (jl L^J (jLS 
_La_«jJ 2 I j S « a 3j-J-3 (Jjj-LI j gJa i U 4j>JL_lU SjLLI (_psj_«j (jl (_gjLa_iSLII 
i5_pJI _jLjj£LII J-a LjLaj^ (JcLillL-dilj ,jx. M ___3-3jjl auSUI i_jlj^I_II 
eJJb (j^ _yij-! ' - » I J H La II x_a _L^I_i_j jljll (j_o j_u^ jj_5 __ILut (jL^ jj dlljjj 
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OLigjS.i.n.ll JglJOj <JuS i^JjLII &AS9JI 

Cil j iS (^1 (jl i 'I ijI r-Lbejj .CjLijj£LlL! JlL2J 7-L"La Jjsl i . 'J'^" '"«Ij jUl I 
I o c «Ljj-"J| (_3 Lj^-_lILS_J1 (j_a cjrt- 5 ^-* 3 *J m£ ^Jj-^J Jj *J tlh* JrJ-*^- 5 J-^' 
jj| jjt 4Jal i ii m i. i j i iillj . »IXI (_y3 Ljj-iSLJI (j-a 4_mflj J)J_«JI J1l~J 4-<JI r-Lbej 
«U J) I +**' > L-a^ 2t JjLuILa ?c-j-L*3ja 4_]j-ul Cji aj i n->. *_a j£.Laij Jj *.! tlh* Lh-*^ 
«L>-L>.j (j| Jj flj jj-il i nil (_Jj-ul LdlLa (_JI JUtll jl . Cj Lijij^LlL 1 JUJa 0j-"L-J 
t-Lj-so La-a jj£I (jjUJ-o (JjL-u (j-a jJLS ^1 r-LLso (JkIII u i n1_g^— i SJ^alU J*utl 
J)ljJ.I *_a J^Lilj J5KJI (jb dili i Lj-a-L".<3 Jjj-I (j-a 3-iLja-iJI 3_^.L>.JJI 4-JI 
i-l!l j)j . Cj Li jj£LlL I *_a Jx.Lijj La^ 2 la j i nil (j-a jJ-2JI ^j ■■ a u (j^ltl ( _ ;r 3 4-lL^jI 
^^ (ja_uLa 2 "jj U ^IjLa-" i ,,1 ^If Jl AUVI Cjlj)Li£. jlj ir^il (^ (. i i i nil jj* 

1 1- Va d AjU;ll CjL>-L>.jJI 
j j 31 5 « llj 2_j^_j_3j| ,~A \l ,%.! I j-^c LuJUys Ls^LliJ Cjlj^IaJJ i_iJuiejj 
4_j^>-^aJ^a_Lj Ao_a_*_u ' - * I ii ^ la 1 1 fl . cJLul J i ^ ATI l J^ LaI '< i ii^Lj (jl J) w n (~"-J1 
CjLuLdl Jli3 (j-a j-4^1 "eLoSLl CjLij|j£LlU (JlL2j-J-i3 (jjs l_Lj Tj La£ ( _ ;r jtJ-3_aLc 

microbicides 3_uj^£Lui CjI jL^-,j^_^^Ja-ujj£LJi.l j^jjlj jus. w ^~ w i a ■ lji*tl 

j-j_3L"_*J1 (j_a IjjIIS jl (j^>> (-rl^ t(4-j^ i ii-»J1 CjI JLuJLLi d ^ J j m 4_aJS (_&j) 
L&jJjLCj i_i3a~ La-llj (j}^* 3 ^' C"^ '—' ^ JL>^t!-^ ' (J"-2-i « 2_ja_pJI ;"<! \l ■ V»l lj 
4_j_aj_jJ| tLse-LaJl ( _ ;r 3 LjjJj_u3 LaLt lj .^"^ j j jU>*tl j^S I j)Jj j.imit^ 



4-Ia-L ■■**'* I (jjj j L_uaJ u (jL_uJ2l » iLuaj 2il (Q-^-LI (j-a-3 ^j < ea sej *, I Cjlinl>iill 

4_ajLfl_a «L)I (__Llj (j-^>* t^J.t » I I (_paj-Jt_UI (j_a »(. mi (_I| «L>-L>. (_b (j^t_t£ 
3jlj-j (."i i ii a (y-i-ll A^h O-jLS La_)jJ .oJLlJI (LctaAll (_5 ^-^JJ l-aj (_paj-alj 
DJut j-^i J-Lc pj-3 (_ ;r S Ly JU I ^-3j-i (jd 1 -^' (l> ::e - 1 *-" C^*- 1 I jj""^ '"'.' J-AlaJl 

Lgklj !>^> L^LlscJjls L^iVS UjU dilJ^^jjoJ L^it 3jL>.VIj ! SjiLill 

sLLjjj La (jLojV I i_ajj>j jl (_ ;r 4 4-a£L>JI (jl . ^llLa 4iill i—lL^lULl 2.1 . ^ ^ O-lLS 
La ijJjJLj (jLS 1 1)1 CjLjjj£LlLI x_a (jIuLnlII (jLcuJJ^LI j i iij*n J^J . 'LLaJlJ I j)Llj 
^jjl Jl i ii* Ji^J . «!>LJI i. i i ^ dJIJLS SJL^sij j-aVl I JL* JiJLdJ (jl Lai iJ^.I-3 jj* 

(_ ;r Lc LaLa-i j ' '^J L»^ ^L) 1 -^' (JjLI^JI c^^ 3 ' La j *^1 * (jV 2 (j-° ''-*-* '■*'" " ' " 
(j-C (ja_a_L«_j j«_A L a- Li _l »l a I < II (jl ji JUj-iiDl) (_L->-l (j-a-Lt£.J) . Cj Ll Jj£LJi I 
--n j o i£ * rt - 1 j * 5 1 1 JUz£ Cj^o-lajI CjLijj (jo_u_uLu_oJl fcLu l_a_a j-i^l fQ-^J «Lc^_ua^-a 
LaJLjj j-ual_>J1 (jj-jJ1 (_b ^U II a J_"j JLjj . «Ua_Lj_>J1 (_b A-uajul < $ I ^ 3. (^JLa 
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(jl LLxLc (Jlj La 4_JI I r«U" Li£jL«ji (j-o 5jsj1«ji J^ ^La liili f-oj i^L*jlo 



1 01 



Ciujj^S j o U 7-1 a i iilLi I &>-iiJajo raHj L&aj^jj jj-^'J 
(ji QJ ^ 3 T J (j-d 1 -^' ^-°' • 4-JjlJ^ -SI *j« (_j-3 j-uQJLi 

i^r-OT . ■« ^A CjL]j|j£LlU JsLiul 4_i_lj_u ^1 . Ull ^| i ,,«, 

. I— jt-L^Q-J- 4_J_] 1^0-J_>J 1 J 4-LJ1 I ii i 21 4_jJ_i_lJl ^jl J_j_a 
, ^ I . U 1 1 j _; ' '-^ — ' * xlaJ I J J i^aAII I JUt ^^3 J J Lij Lui J 

-. je j t i ii II (J-Lta-flJI ( _ ;r ^ «L>.j_<I/ ^jjjl j i n^ al\ i n'^ Lai 

(^ (_L->.ljJi.l /«jtl 4Jjl!j laLtlaJI (_LlL«ILi I JjI lJr lc.^ 

.4jjJtlI! 
i _ jr lJl 4_lLjjlI1 J A-4-ilflj| 4_ij>.LiJl (j_a-(J_u_alJ 1 ^jl 
CjLdj^jVI ^ ■-*" ' a I * la 1 1 ^pLj LtL>.j < tJa^j I i i ^* * 
j^l ^ " j S * " J «L«_o alj 3j_«_Uj j«_ill ( _ ;r 3 sLa-iJaLjJI 
I ^ ■ aujq ) ^jl (jjLSJl * .J iaj i ■■ 1 jJLt-al 4_]jLa_p CjLujj>. 
sL-iJalj-ci j_L»-l (j-a L^-aJ^-"i i u-Jj aJ-II jLu ^^ 
' " i " a "■" 4_uljJLutjjj£LII jljJLLa . 4jaar>JI <LjjL«_iSLJI 
Lai cL-L-Li-ai ^ys\ a -*■! (-J! CjLLjjjj-JIj j^iN t n ^—II 
^^1 Jj^eJLj I Q i 'n < _i j i * i ~ ii ~ j l|ji^ti'^ Qa_ajJ! 
<Lu-ui>JI i aljWK-J.Utl j ,-^l ic ^j^*.'J ■ .1— "...^ 
isLa-iJaLjJI dsLajj-'^' 4loLuiaJ I gJJJ flJ (J<j i n_t 2-^Lfl 
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(jluulllg OLigjS.i.nJI 

LgJ jl SjVIj aI_Lc.^L£ 3j_1>J,I cjLujGJI (jl . L&jjj> cjLijj^LJ.1 t_<-«Jj Lutj 

\-4-A La-la j^SLj jl i, *l mi^-j (-H-J1 t _ > pul i" i -» J1-»jJUjj-j.a ^r <J C^>> *^jl 3j_*_a 

3_Ljlj_a^UI cjLjjij *•> jiH Sj <i~ i ii U 3x.jj_l,l (j^j p^j 4jJj^I Sjl«J,Ij . jiojvjJI 

j_«^ejj Lt-Lqjy jjJkJ i Ljj-uSLJIj (IjJjjjj_JI) 4_Jj2l CjLjI^-l>JI J ■} i"i" (jJ-II 
jL-LlJJ jLcj 4_j_LAJJ| ^ys\ <i -^^l *lj_uj t _ > pul i"i-»J1 (_3 jjj^jn i ullj 1 1 11 ill 
.CjLijj£LlLLj !jU>- 'Lj-i^ ^LlJjzI 3J-«jU ajl uag (jl La£ . Q^jj£L1I JLu^l (_^-itjJ 
( _ ;r ^ (jj-j_Lo i_iJI = jj j I j II) jj-\_j^Lj Sj ui r LaJ)JLC i_Lu (jl i_3^im (j-aj 
j_U 200 -150 (j-a l^itj 4jJ)L«JI SjJLjJI « ' . ^"j . Ijl>. <lLaj "■' (j-Aj 'j""> j"'' ' "11 
» Ll^jO (_^-^ i_l^L->JI <tj J-ii!l 3j_L>J! 4-aie-UaJI 3jJLi!! Lol ij^JjJI /^ jLill <j-° 
^j^-> * ) «Lcljj Lal_4-i yj-ui-aJI (j-*J * Hi-*^- 3 J-^ -*00 7T " j~ CjljLiJJ i_Llj^sIL« 
*_o-4_<Jj2l SjUillj . sl^^il 4-u-ul 1 n-»JI 3jU jui L$J2 j-CuJJ,! ( _ ;r 3 CjLij^SLlLI 
t _ > pLJl iii-»J1 ^Loj i jl^_j_>J1 * iLtJ 1 ^ A -» i j . Lcl_4-l 4_ul^_A z-CjljLtjl 0JLA (_p 

(Jl j j" 1 ui j<Clj I J-A (.j^j lOulii (Jjjlaj cjLij^SLlLI (jjs 3x.jjJil ojla 3Jj^l_LI 

(_jl^.J •fji (_£ Sjjvlj 3j_o aLx. 2! ( _ ;r 3 4_LLajs_Lll AjJj^I aJLuil ^g^lx-a JUJLsoj 
Ljj-uSLi (^i^. 3_u-uL-ul 2 A,^, l5>^*J "Mj^' 3 JlaJLI ti!j-y eg JJI .UjlA-tla dllj) 
dJLlu^jj . Sj-sJtldJ j^lC aI «JaJI CjLljJj>. (j-o (J_u3j CjljLcj 4_u_AJ> (_^dLqj>*1j 
. ^CLjJLI Cjljjj^LlLI L-Lzjj 4_u_&jJ1 ^ys\-^>. z\ ly-^- j t^axAJ ^jl ^jI^jj^JI ^J-lL^j 

jj-a i^jLijij£LlLL3 SjjIjjLutjjjiLII jljll JjUj SjIajJI ^L^-Vl oul^ Uj 
.i>jjs-(J 3jsj^Ltl 4_^Llo2| (_p3L«j>.2lj Cm LxaXXxalYi lLLJJiS (jl^L^JI JijJj (j^' 
l_Uaj| Sjij^vj^ ^j-A j-di Lb^ jS II 5JjlL>J,l Ljj_uSLJI (JL>JU \jjt ^^ jlcLuijj 
(jlj_i_>JI LgJjLiHj cjLljjj^ 4j1 (jjs jlujjjSLII T^JJl Loj_c£.-4_lIj ^1 Sjuiil ^^ 

J7LIJI jj^ JLuj^jSLJI I JLA aI JLa-'u ill jt-Jalu-uj j»Li£.^(l (jl JJ-JJJ .(_pijl ul>JI )«_o 

(_JSLj (-H-1I CjI^ i ii"kj1 JUj-i-ju * i^l 1 11 2I ^j '• a * 'J L^al i n^.1 (_J3 (j^j^j-JI ^j^->* i 

L-^LiJI J^c^j^ jIm .H 4iL>al L^uSLJI (^1-^^uVl J^i^-U^Si^JI 
t_£LJjJa («j>*^j^_jj^j£Lu3 (JILa jcjj . I jl 'o**'" jl «_jia_u_uj J)l^_a (_ll Lj_lL»_al (_5 

Lj j-iiblj^ (j .i 1 . . j ( jjij>J^>j) (j-^j' oUtP* (j^ JjiLpIl ^1 JjJI jiLaH^VI IJ4J 
(^ i_ijj£LjII I jl^J 3jlo-jJI Sj1>JI jji-l J> w -^' a . Crithidia oncopelti ^pii^SLijI 
(j-Llo! ^j q -1 x < I glSLc J>j3-^ ^' J^-^ Symbiotic 5iil£_lo Ljj_uSLi aJ^LijjjjJI 
tj^l inijll 5-^/1 i.i-». Ljj_uSLJI jut . Lysine ^ . .n^UI jj* j^JJI (^ =ull rLl»J 
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Ljj_j_lSLJI (j-o Cjjjj>. (^IlLj^SLijI LjJLujIj^ (jl _jJ_J . )M-3 (jjj 2! (jl_j-pjl Lai 
O-J LL-j-LAJtHJ 1 ?s-a (jl LaIjJLC (j«a '"'^ '"' L$jI 9-J l£*~i!^ 1 1 n iill cLLsL-u^j ' jj* 31 

. (j-U-uJ^LJ u -iji^-J r^J "-a 

i^j^L^T jlc. JJal i2jLjjij£LlLI (^Lc 3-jJJuJI ^ jLaj^VI (jl tcUsI^JI <jjsj 

3j_o-^I oJJt (jl dllj) <_il Jin! ,j-aj . (jl in'tVL^ CjLjLillj A^tUI 3J£Tj A^tUI 
j^jjjljmtl Jj^-^o 3 K mi a ^ U ^-"," dilju (_^-aj jLiLl^lj aLI£^I J^l ^1 (_Ll«j 
-jjjjjlj 1 11 1 La Liiajl Cjljj_UaiJI JSG L$jl (j-a («x.jJLjj . (j-Gj|j_> ^jl\ I uilllj 
' ill I j'*» iil!j) f-aj • LjjjJsj 4jJ^ 4j>-Ijj>.J ^ a-i " 1 1 jj Jajell (jjjLu/^l (jjSLU J-Aj 

• CjLij_j£LlLI qa f«J^ac 4jL»jiI (jjs djlri i nil «ljj>-2lj (jl_ajj>JI_j (jLtujVI ol^al j^a 

JL9J . (jjJ^JLJIj jajiJI '.(j-CLa-ll J) (j-d^jj-a x-a-jLlil (Jj i < n (_l£.-(jLt_uJ 2 1 (j"'J* 1J 

cjLjjj^LlLI jut (j^s j_u£j S oJLJI J l^AII (^a w *j;^^ («-iII c.)Lij!j£LLaCi mi^U 

^ 11 1 111 jj-lOLa A j lA , ,,tl ? L«-a2l ^^ iJJIjjo (jl (jSLajj Sjjiil cLuaj^a. AjLZj 
lLILLa <j-£-!j .3j)Lc tiJLla J^>->J Streptococci ( j^i£j^jLij" . »j Lactobacilli 
Escherichia coli {£*$$£ Lo-uljj-j mijI Ljj_uSLi ^^-i^-l "■ I i^ajf ijj^l CjLijj^LLa 
sue j n ->J, 4_«_iLj jLiJI jjj_i Ljj-j lISLij (jLj-Jkl jLc. /j-i-i-i (jyJi-ll Ljj-uSLiJIj 
JoLxJI LUajl JU>-j-J L«£ .3j)L«JI (^ 3j_ua->Jlj Chlostridium a^-jju^"ihjJ$ 
( 1 j)j^_ijj-j) ^I-j-IjI cjLj1^_o* LJLo^lj jj-ui^S^uj-i-uj 0^-"' Lj^—jjiSL) jj_a 3jujl>. 

Jj j LcaJt t. i 1 1 11" (jl «L*_aIbfc-a Cjlj^j^LlLI 0JL& d U ,". «V ^jSLajj . 4_uaj-a_a j-J^- 
^/t d o Lga ft fOJJ fQj aLlLs (j_a LffcjJ^j i^u< CjljLiJI (j2 ^LLa 4j^ uj 1 «uil Jjlj 

-j^iitlJIj jjuJI ?LuI-cjLcjI£L!I i>jut (jSLIj .«7cjjJI»jI 7-Lijj^L! t;r <j/Lu/2l j-u^XI 
«_l1j 4_«_i_2JI j)lj_LI oju»j . LiUjjJLJ j^i iSj-i^ < *-*r!^ "^IJ Sjljjlc j>Ijjs (JJ^=j 

(jH )1 ' a rt (j\jJ)LtJ1 *L»_t-£5 ^l (Jjtjso (jl LaLa-l J J ' ii»ll (j-aj ** > (j^_aLLja «Lc^_aj?E_a 

«La_i^jl 3j_Li-2l i_ij_>JI ( _ ;r a Qa^alaaJ I (JJi jJL! .t_i (j^aLUa ( _ ;r a (_^aiilILi 
i)«_j_iL<j/l 3jLC 4-jj uia cJjjl (jJJJI ' . ' Jj ■ ^ 1 1 jj^"' >l J-C- (O^JjLij Jiju LaLaj 
beri-beri ^jj uJ>JI <_P=j-« (j 3 r«-^ *l j-«JI I j-& <— u m'j (jl ,_p3jj^II (jL^j 
/g Lgaa-I aj 1 uJl jLo^, (j_a lj»o*j Ijj-ia (jj c J ^"' ' 1 UJ' - '^ LaJU£,j . aLiI Qa Lga£ 
(j i-i ? i II (_p3lj_al L«_jj_<j/ p fljlf Cjj^ia-ja^jLiLAl ( _ ;r a Cjujj£LlLI u-Ac I (^^Lc 
(jj -Lse u- a^L»£ (j j i J d 1 (jj Jjl-^LJa 2l (jl (_a t. i i i nil ^Jt> IjLAj . (__Lj_a Lx_LflJ I 
(_HJ1 «Lj^_j_>J1 Cjlj)LLlalL) (j^_>Jmi ^ysjX\ (-a (j^ dLLiAjl ^j^^ ) (_pa1j-cl (j^, 
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j^j-a jjLS (jlj iftLn-a^lj f<ui!l ^yfl CjLijj£LlLI (ji^. La J^>- (_j-II i_JLj j-jjLj L$J 
«L£a_*_tl '"" )l i) La ua^l 1 .p i u ""J* (j-a j-^>> 1 jLjIaj-a (_3 Cjl.}LUa_U 0JLA (Jjl3 
4jI mi a Jj^I 4j^-pJI '"'I 'I LaaJLu r"!M-C Jjlj Cj-Xj>o (^yjJI diLyj^'llj d .'--. ^1 »tl 
tLutoxLaJl LgjJLs- ^jl\ JiajLJ (j^>- 4_uj|j£LlLI eLt^^l <LfLu ( _ ;r 3 (jjljjJI JjieJ Jj 

. 4_r=ji^_a d j o i n-w Cj^LcLoj u-u-i tUJ 

«L«jsI ( _ ;r 3 cjLijj£LlLI I j x~i '" (jjJI <LaLgJI cjLLusLLLaJ! (j-o 12 i_i (j-\-aL"Li3j 

C^JLi^N 11 (jj_*_a (-!£. m£^j->o 3jJL«_a 4_)jLa_p 3^La J-Aj . (jl^_j_>J1j (jLt_aj2l 
(^Jl clal uu£1 ,_£.>! JJ9j -iSj^-^ (-aSLLij (^Jl 4^LbVL> AjJI <jJa£l> 4^}Lc 4jj 
w Lc «L«-a^l (_g>lxjj .pernicious anemia 4JLlj_>JI Lj-h-u^M r!M-c (^ 3jjj 

. LUajI iLaJi^j CjLlj|j£LLa ( _ ;r l^. ^jjjo Lai I 2 i_s (j-<_aLLj£ » i l aj CjLlj|j£LLa 
( _ ;r Lc «Jsl^JI ( _ ;r 3 5-iLiJI CjLJ^a-pJI I j I", -i"" ( _ ;r l!l 12 i_i (J-^LLlS *L<-a^ JL«jjLJj 
<-<! \l .'.-.t Lj J^ttl 4j!jlj (j^J .CjLjjj£LlLI (j-a (j-U£.j_«_>JU (j-uLi (j-u (jjljjJI 
j^j^ Lse-Ll lJlijlS 4-^1 x-L^aJt 0JL& (j-a «L>oLl]1 CjLjj-LajiJi jLtH^J ^q_i «L^a-j_>JI 
(j-a pjj L^JL^j i«_usj*JJ jJLu O-iL^ 2^j UAtl CjLoijJ,! oJUt jl liili i?-L>. Jltlj 
jl uuVI iiJ-LxJ Lajt^-Sjaj^c I i-3 1 uu£1 4JlSj j-aVl IjUj .Sjuill 3j-Uai>JI 
.cLJLjLjt 8jj i a J OJJ-" Or- 5 l — J -*'jj CjLJIj_l>JI i_dJj O-a-1 il-LgiiLjj 4j^gLa^ 
4-j.iLc j-J-C sLg,j i n_t f^LJI (jjj (jJI i.'ili^j I j IS, lj 4J3^LaX. •» j i -■«" («J (j-Aj 
aLlIo (j-a pjj L^jl£j 4jaor»J! ."»! \l ,'^.t I CjLjLii CjJLij 3-j 'I .^"al 4_2jj_Lijj 
(jSLIj (jVI (_^i>- d ■ '"' a ^ c Ja-j liaJu I kLtJl IjUt J-a^. 42jjJa oJlj Laj ,4^JVI 
4-u^/l i ii-v ^i^l I 2 i_J jj^aLLi3 a JL^j (jhJ' W>i-^^^ ' - ' "■' a ' "JU^ (J- ^' 
i - < I j I A M I mJ^IL^iJJ ^ « * '^" eH-" Lj^ -lIS ill liJJj (j-a 4jaj->JI Cjl jLUa-al! 
ijL^al (j-aSLij i4-lLo^/I 4ja-pJI CjI Ji-ull (j-a Jjl?ll iJ [sL. -^I»U< 4-a jj-~, , nU 

(J_j_a_i C-l- l jv 4_iL*-at (_3 I 2 * i (j-i a Lx-iAJ (jl^a-j_>JI (JjLa_i ) j i iuj (_3 l_3JL^JI 

Cjl^Liall CjLjLoJ (jl ij I ^K2 ,^tl ^jfc ^ JlAi.'i untj .oL^oVI I jut^ (jjljlll 
4j J-iu (_ ;r 3 JLcLljj ;_£ j-II 3jLc I 2 i_J (j1_aLLi3 (_^i^. Lj i u-aj (j-A (_gjIL>ij 4j^-pJI 
jLL«_LI (2ft oLLuLlI (j^. !>Lii3 i— iijieji t_i-0_p I j (j1_aLLLiII (jL^ jjlj ijj^o-pjl 
^JJ ' a ' r\9~^ «Lj^_i_r>J 1 Cjl^LtiaJLI CjuLoj a JL^-**i i ii" j . Ljj j"iS ill ^ * '" eaJ (^JJl 
3l_c J_a CjSc i ir->l l_^_il ><_3ljJlj , el ajS 1 1 (jl^j_>JI 4_ujj jjLLaa- (^ =QJLuj|j 
a I aj ) I ^JJ La 3. (j_a J-JJ-J *—i-ulj (3LLa_i /- 1 c L^Jl o *"i i ul (ji Cli-o- (j_a (Jj_^iJ 
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(J.sL^-j (jl (jl i ii i31J (jA_4Jj . 4_j^_j_>J1 '"*' Si LcaJ I AjLdj 4_j_uaj-a Cjujij^Lua 

^-3L>.j| .js cjLjLaJJl j-jI £j <<•> /^-i^. (J-a ^T Jlj Sjjjln. Sj-LsL^JLl (jl 4J^_oj 

d j < ill i n-»Jl t^jli (—UajJLI d i i n l (jl ^_A lj-st (JjkL^tlj J JL>J1 I JLA (JlLa (j^-Jj 
. 4JI <"n .il f^J-Ju Jjlj (jLajJI jjjs (jj, iS«- J^Li- ^IjJoLi Cj^lj JL3 (j^l 1 n'ljlt 
I JL^J 4 j 1 ..I 1 11 ->■ SjLxJLl! CjLjVjJ! ^ (_pDjJil (j-o 4jLLI (^ 7 j se 1 ^JLjjj 
jJjLlJ ^1 4-u^/I 1 n-»Jl OJU* JILo (J-i^>l J^J-JJ (j' J-*^><J.' <j-°J •lS^Jt!- 1 *^' ->' '^t' 
IjLA (j^_i^_l (jl (j£LoJJ i^ilus (j-UJi (-^ \l 11 <a"i 1 11L1 (j-U i h'm II £jja 0\ j i i f-t CjLuii 
r~!>Lc ( _ ;r 3 3_oJ2 5>^^ ^■J^*- (jLuiJ * I Jl»-Li LojLi^. 4-u-ul 1 n-»JI 3_iLtlu/! ^1 
a I »utl r-LlJl (^ f-"-"^ (J" 2 - 1 C"^ ^iJrP^' ."<! \l .'.-.1 1 J\jJx~uuj\ (jl .(_p3jJil 
cLj^_j_>JI ."*! n! .%» It d rtjl ^ 1 1 Ljj_uS_JI g I 5Hj I (J^>-l jj-* (j^w i J J La a> j-«l 
4-J-xlaJ I LoLJlSLol ( _ ;r 3 S»l aSLlI (j^** ' (j-o 4-JI (.g-SJJ La '- < 1 1 in LxjIj iu 1 na&a 

. (_£jj>.2! CjLj^SLlLI JLUs 
4_Lj_a2l jJLjjj . 4_c ljj_II (ji 3_jl i I t .»!_& j_ol CjLij^SLlLI cLijJaj fS-^J 
2 ^ j I , ^ 1 1 4^t3|£LU (JjLj/J •» j 1 aJj . icjjJJ CjLjI^-o~ (_p3ljjj| (^ 4^txijljJI 
(j^cLLaj 4_j_c^i_dJI (. <i -^%j\£ 4_u^i j^-loj 1 (_^alj-a2l j 5j ' ■" L«JU£. «bjj)j-ua 
(JlLS jl 7t-ji l?_J-"' tJ^-H' " j - j * d-" 5 Ct^ 4JL«-*-> «(_?-" i-i!l-<-& (jj»jjj .r-LvjJI 

(jjjjJI (j^s ■ ta 1 *« 200 ^jtj dJLlaj .3JL>JI ii in-- (jj>-ljjJlj 5_il ir-iU jLSjVI 

(jjjjl (Jlus 5>-iIa3. Lualj^xi (J mi" •te.jjXl <SLiu\^jL>. ^—5 ^jijjtXI 4_uj)j£LJj 
( _ ;r 3 3x.|jjj| Sjl^l CjjJI^ JL9J .(_gj^jJI Q^LLaJlj j»J-<JI lP^J- -? -^^-"Jj-^'j 
JjjJI ^.a ' a c I 1 ajj (jl (jSUj 3_ui,m ^Lijl (jl 1956 aLc: 3jl»II.I CIjLjV^JI 
(jl , 4 1 t nl_La fiL^_jjJaj <^J JjuLI 4_ujj£Lul (^palj-a 2 I 4^t3l£La O^J ^J 4_u5Lul 
0j La-i 1 ail (jlslj-o 2I OJU* «_Uaiej (_gjLijSlII r')M-«J!j |_gj La-i ill j^tj>JI CjLiji«j 
(Jj^Lj (jjj iULljvI «Lj_ij2| CjJUso (jl ,j^L«_I.I ,j_a (j-SLIj i^LLlilo ^JJLs. ^^3 
(j-o ^LJJ Jl)JU>. JL^J .4_OJ2l 0J_& ^J*-^J S *" (r^>* t-^J-J' Ly-^- ^^■1- J ' a 3j 1 I 
-jjjl_L>J! ( _ ;r 3 4_Ltuj|^_i£ (_Jj Jl£. (j^tj-dil ij" 1 11 tl (^^ £Ll2j^3 2I jjjl_L>JI (_^«^>- 
^_jjl_L>JI (j^s A^tUI 4^.l_La .iJLAj (JIJlJjjjIj Lul 1 1 11I (_5 *L)^J1 I JLfl> >Juj ■■'j 
(^j-iiJl (_5 3j-Owj 3j^ (-jflJj-5 2l (jl . ^. — tl ^sj^a j ^la LjS . I j .u ga 3> I JUJL^j 
3x.jjjJIj .cUc^Lill ( _ ;r *j»JI d j j 1 11 a Ll2j^3| t_iji>. (j^ 3J^L<j/ lLUJ£j ii La 1 ..j*vl 
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Oj-tb (J_«_>iJ (oJL«JI (Jj^>- A4— 1— 1 1 ^I^J^JIj (JjjLJI L#J J^LvuJ (jJ-JI 2 tj j , „tlj 

Lfljlj <_i ■ ■■ se a 4_j_ol_iJI (JjjJJ V a )j La a. jJUaj ^gj J » I t 4_«-jl jJI j^jJI 
^j-a Julj A t miULI j^palj—at <3^s_3l£Ls d IS m a q\ . LtJajl d q JlSoXI Cj 1 * <a**< se <a U 

.SjLajII ja^^l ^ 3_c!jjJ!j 5_j jlc. VI 4lut L^a-ljj (jIlII <L»1I.I cjLc.jj^jJ.1 

d j <a ffiLi (j I »"j \-*j£ jJ-Jl *^^!-?^' 3-3jjl1I O-il^ ^'Jj cP 1 -^' J-)I^>JI i^jLil 
jjL^ii. CjJL^o (jl CjLjLuJI (_pslj_a2 (jSLxjj . 4-j£.ljjJI Jji^LyJU fj& CjLsVI 
JL9j . 4j_jJjJI (_y3 jJL>- (^1 jJ^>- (j-o J 5j '" jl CjIj_Joj>JL> j i"i"i i" (^^J i4l5L& 

cIjLjV^II ^ 1965 aLc A-^ljjJI cjLsVI ^ M-^LJI a.^;,,,!! Sjl , ,,-^JI lIijjls 

i ) i*aj| CjLjjJaS Ciril"? JL9J .(^yJuJjILj/i d-J-i^- Q^jI-o 900j Q^jij f lj<n SJlkHII 
Jj.^l -^t I /> i a,^) /i lj i a-. »j ,-^tl Jj,^.l-» ^ i M".~ 4_ul JU CjLjjJai ( _ ;r jtj-ruts 
<j-a tj-o^Lo **J^ aLlLV (^yiSLj New south wales SjjJijJI jJjj t_jj-^- e*^ 
Jj i^t-o (^o Lu>2 3jLU ^ 40 (JJj jLSj . 1948 j 1947 ^Ll ^ ^LJI 
l£LJ)M-j L>-j-A (j $ i "j o^J- '^ l T!-" 1956 aLc ^Ljjj_ii (jiaLLa ,_£jl>.I ^^ jjVI 
S-jsijii 1935 aLc LSLujLj. ^yfl jjll J j i a x a cJj ■ klj dllj^j .Hoja blanka 
jLua j ^ j La.9 ^j-a 4_Uaj-4-d «U^L<_u 4 1 1 1 n"j « Lo_u (_paj-o») '"Jj U All jl>.( 
o jut J!la j Jjjj . (Fusarium oxysporum ajjj'.i ^ u£l ajjjI j^-j^ 4 g ml S^Lc 
( _ ;r 3 (_^-i-«J L^JiSjg '^'jj^' CJ^ *~ J ' y taJ, l^ 4JjJLo (_j-43 4ijieILo j_i£. dl jS itl 
pj^>o (JjjLLII (j_a 2 a-j-La-C l^ljLC.1 (jl-3 fl-lieaXI JjjJI J-i^. Mj^Li^j-^ljJI 
«Lxjl_j_j_L3 4_ajLa_a 4_t£.1jjJ1 ^Jj <^->L>J.1 t^J-Jj . Cj j_4_) JL9J ^jLa^tll ^^pajjLuj 
jl A % 1 1 ntl 3_c|jjj| j-yj ,_jjjjiJ| L-iSLuax lilijLso La-ilj i3_oLc tLLuaj CjLs^t-I 
<Uo ■ >» » 1 1 Cj Li^Ttj>J, Li <Lse-pt <-aJI 4jLulJI ,t_Uj La LJLi-» . L^-ii) » U U U c a_^j 

tij^e-jJI (<u jlSj .JjLa jl>. ^jl\ (_jjjjl!I j I i^i" 1 1 L^jj^ia =l>-jjlij 3_,^lll ( _ ;r a 

(_y^ 3_j^_j_>J| i - « I \ I , "^ I I -x| jLJ>-~ i J (_£JJL>- (J_y>- Sj-li.VI (j< ' '"II (j£ l5^-?^' 
«_i_4J LajI < i nl pLajjl (j! j-J-C. .«_SljJI (j.3 3_IL_«_3 I j "'I CjJL>-jj 5x.ljjJI 
JjLu/jJI (j^ij.SjLc: I4JI 4jxU- J^f (^-4(^x11 J>LJI (jjAl^ VI L^oljiel^l 
Jg^ I V a ^ Ojj-AjI JlLa j ^ ***' ) I ^—5 ^jj>.\ ^\^ja a! Jl^-**i 1 11I » xLaJI * 4_)JLu2Hjl 
jLtjVlj '"'lj^ LgaJJIj 4ilj^JI 5^,ljj ij& ^JJ CjLsVI «_Ll dlli^ajj jJj^j 

-^j n I in 1 j_lIL3 * ijj-S_j_a i.hiiii 3*_j>.Li O-Jj-AJu j-lojLIJI ^jl lJljj-LsjI jj-^J 



ft.-; AifciJ I jj9 CitigjS.tpJI 

J_i-a-iJI j^a 3j_o (Jjl LaLLajL-o (^HJI oj; j^LII Ljj_uSLi (j-Aj-- Thiobacillus 

CjLlJJI •k. La i ■■ /j 1 C i-il— lT lj^ iSLI I ( _^ia-aLv ^—11 ^Ja u Ojj iSJl J i hSJj-^—jLUI 
O Ljj La a J-a CjLaVI j_4j aLoI 4_u3j g -»JI SjijJ_Ju <i!Lu (^yJI ' alaij mJJijjj 
. t_j|_LcVI ■ ato (jl <j-o ■ a* -'-I 4x^jju>JI ojufc (jf VI lOidium ajjjujI 
4_<_cl I j,J_I I djLaVI (j_a Liij-uLj djLjJI (Palj-oV S-ls-^j-uJI 4^tsLSLl.lj 
. I j" tj A U ^$ O-JljLo CjLa^U 3-ojLmi Cjl_ij|j£LuiiI JUmiU * j-r uull clLaL-u^j 
Cr^' sLl».jJ^-uJI i—sj^JLi joi^. (jyi^- t_y±d (j-t-ujJLtl (j-^jljj^l (j-° ^-i^ U^3 
4_uj_*_uj j-j^c * i J J> - Lr^Jl) <-' '~** '^-'-*- u Sj '"'^ (J " 1^- (J^>- < ^M^l J <*-> t."< i Ml 

( _p3ijjsi (j-o (_pDj_4J t_ijljl > r<i_i jl ji£,l *u 1952 aLc (j-o jjLo (j-ia (»J3l^JI ( _ ;r a 
I mj^a^^a jl^Jj jjl (^a Lga.|j •■■ jjlUI *y myxomatosis 3_lUL>J,I oL-ujj-uiJI 
^^.a 3jlLLLo 26 (^ 1953 aLc 5_jL^J J-Lc ip 3 .^' l^fc j A'tla lEureetloire 
ij\j 7-jljIu d 1 1 u 1 /paj LuLXij lj-*_ujj_i_uj 1 j_J^_aj Is jt-1 1 (_!! /j-t-ajj L_ujj»a 
LuLLajjj (jJI (j-ajJI J-o <_p=>U J-^>J («J • v^L)^" ■ sjL£i 6-° 5jH' ct 2 ^0 -60 
pila_u (_pajJJ JLua 4^,l_Ltl t <_)lj 2I t. < 1 n**(N"j . ujijjl ^j£ (_a (jJsa^ILa ^j VI 3-&J 

Ij_l1^ 1 Laj? t_ij_>JI jju 5_ujj^/l icljjjl (_>iLtJl (jl£U (_P=>j-Il V^Ij . jujlJu 

^j^** I j^a r-Qj2fl ' d C I ' gaj JL9j . 3 j jJLa (_paj-U (_palj»cl OjIS ^jlj iu uj (jj-i 
A^_jjl (."(> w^l ^jl Jjlj ujijji CiLt-a T L^-a ^_a » .J taj 1 ■■ )Q .Cjlj-a Cj^Ij ^JiaLul 
frl Lca-Aj) ^JJU>. (J3^>* /q-^Sj\ mi CjljI^_j_>JI j^is^ja cdjLluj ^jl-«b JUtHJl SjLo^ 
4_lj>.I_(JI (j-oj ..iLLa^M_!l i_i_jj_II 7t_o^M_a (j_a L«JJ OjIS JLSj ic-ulj^l (^yi^. 
^^ I J-a_c (^IsjJil I j_A j ui J mJjJx>. Jj^s- i^I mi II ,j_a JJa uiJLijt 2 j g 1 .ijJI 

aLc ( _ ;r i o-j-j_iI jiaj . i-dj'C ."ill ojut Jilo 'LjjJ u-^-I 7"^-i!l jj^-Jj • ^^i^ 
jjjjJI ^a i_Li (_p3j_LLi SJLta SjL^sI 4IbLi^5l c^xj i_g jJI i_ujVI j-«-<-u (jl 1964 

. I j m-^ 50 sljjj^JI 
obj La-a d!l_Laj .<2jLijij£LlLLi 3j_ii^aJI olaVl 3^taLSLa (jLSLaVI (^aj 

j j Lea >■ ' jj-SL^-i I o S 4_jj-ljl ^__a ^ o ■ ea gja ^j olal La ul ^jJU i_La_j_>ij 4j_ujILia 
O "J 'J"'' 'UJ^ ( j_oL_uLj u - t- UJ j ^jLS-a VI /^aj . Cj 1j mi ->J 1 JLua L^Jl o*"m 11 2i Ljj-uSL] 
w ''^"' (j ga . f-j j mmII j ua L^al jir'iMiV iLjjLjo Bacillus thuringensis 
(jJLjj LAjia =Laj>- Lj j_lc) CjVjLkji oJJu jiaj .3«LoSLi L^lo Sjujlc plj-il cr^ 

ajj K jj-jI (jj^Luj/Lij£j^ (j .i 1 ..J Cloaca L^lj Ktl ,jjj pj^j ^lj^>JI 4^tal£LI. 



(jluulllg CiUgjSUaJI 

. 4j2III diV^ i ntl a\lXx~llm\j i Lla JoLlo-V! ( _ ;r ijJjj . Coccobacillus aericlorum 
(jSL^-ij i(j 'ij mn> 'Jjj^ (j .ill hLi I ju>- 4-i I mm Bacillus ceyeus (j-"j^>ji " (j "li "L^ 
CjL_uJj-i£ a I JLt" i nlj . (Ijjju dAjj) (jL£ (jlj) ^jL-ujjAJ d 1 1 n'llLi 4_lu3j-« L)3^ Cj' 
Djut j i"i i (jLi i_dJ j 1 1 JU>. I i ■> hi a OJ-^-d "-^ J La-LtaX I I J-fl> tj& CjIj mi-»JI 

«Lmj JLj z 4- ljv^Jj j ill * ) J- : * , ^i Lr^' O - * ^- } J-3^ L^ (ULujaJU CjL_oj)j-Lij1 

(jjjLJI IjU <j-\^>- LoLx-i 4JLjI ( _ ;r 3 (jJLj oLsoVI I JLO> ( _ ;r 3 i.St illj . Ij 1 1 m (J^jji 

j— t-tiJ l j Jl9 d^j 1^ All CjI JLuJJj 4jjLi_jSj1 4-jj iii-»J1 CjI JLuJJ (jl (j^a (jj ' ^j" ' 

. 4_jjt_j_ilaj1 4 m i ilj (jl i u iJ^J a >jjJa^* Jo. 7c Lx^alt^ CjLtILn (j^a 4_jjLc 4jvjJU 

. 4cljJJ! ^ (>t».jij^JiI 4JU1U Ljj_uSLJI 4-uj-ail Jj^I Jj^iiJ! ^ ^j^i 

4_lL>.<JI (_gl (j\jv jjjlil I Cj-uHj (^ (J^LdJI ^^-iaLc 2 A, aj-3 /.I ^11 4_lUj<JIj 
pLai>.! (_£J>Jj («J 3jLo£. ^ fljlj 5xi "Ij CjLjJU i_!Jj£LlII ^JjJLC I jj'a /<ClS (^IlJI 

pL»i>.VI I jut c^ c ^- ^'' j & J •<J^ w i>-"J' Ci^uTlj ^1 t_ijij£Liilj cjLjJI 

j-ibj L#j J) I «-lj /^Ji Ljj-u£_J1 x_« liJJo-^tjj pj i iij^JIS ^ AjO til CjLjLlJJI (_A 
t^ 3_jJLjl3 j~£\ a^ujjj'j i^jV^Lu/ (_>iutJ oJL£ Uj .Rhizobium aj-ujjj'j 
CjV^LJLi 4-iLiLijl Jjir^LjJ.1 (ji>- f J i <3 1 Lflij_j£. (j^ 3_jj_uSLiJI J ii » 1 1 TrLlJl 
(jL£ I j>l (jSLtj .4ajSL=»JI MjljLiJI <lcljjjl t_i_JLuil (jjs aj-UJJjIjJI l j H a 3j_L>JI 

VI LlAxa (^Ijj j;lj-5jl j-^t _^> -^.Ij £jj <> f>^_l>ibj d>V ^L^' 

(j_a 4_L«Jj jjrt^-JJ-'-'J I l ^- l -Ai (J^^Jlo t_!Jj£LLa alder ««LU jL>-» CjLjJ i^jJj 

^—b jl i ii"i 1 z I ^j^ fiUSL^J 1 JLAj (Cji*m i u \Laj-LuS 2l £jja ^$£) '""^J LaAll * )l 1 1 ul 

(jjTj sherpherdia I j >j j a j ui t— j1 ui c Ij 2 jglj x i^aJlj 3_al_>JI (jJaLlII 
LajLuCj ""«■ * 5 ULuiJLlJ 3>-tgAj| fiLi^lII ^—b j i"i"i m ^Ljj^ CjLjLu i"*' * 5Ju i ■■*,' 
^j-a j^jj>.t CjLjLu ^£Lsjj ' 1 1 eaa> I . LsjjJsi ^^j" CjLjLtJjl &JJL jJLLal ) aj i ■■" 

j_^c cjLjLjJJI (j^ 190 j-x-i LjJL-Lai (jl <_a jj-«-L I j .^jo. 2 1 (j-a> j 5j • ■■" (jl 
lichens (jjli^l ^j a « j j . -lSjJI 5jml 1 n<i_i ,ju>.jjjuJI OjIu CjIjjcjIJIj 4_lL2jJI 

(j-IjI 1 " « I jj U A 1 1 j 3_£jJ_LI 4 |j_Ua_iJI ' • II t U tl l j H a 4_l^j_o CjLu^ (j-^J 
2 J j La -- 1 1 SjLjJlJu (JjLlLI •» La 1 ul (Jjijo (jl (jSLxj-j^LiJI J LaAJI (^ Lfl>Li£J)LLO 
CjLjLjJJI it-JaILi ujj (ju>.jjjlill Cuj] ( -J i^ Ij-i^JS L^io ^ jItUH tiJjj_<iJI (j\£ (jl 
i_i_jjJI JutLitA (Jjujo dUju (j^J ,■» u , „VI ojLai (_^i^. jaI!! JjJ-i^. 3j_a>jJkl 
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ijj& Krakatoa <LuL^j_JI IjjL^Ij^ °j±y>- ^j^?-^' '883 aLc (^j . i^j-lL^J^I 
Latjlj t_!^jJiJI jJiLLs ClAjl>-^ 3jU <XC LaV I oiH^j LLui IjLa-ijI jj^LU ,Lll>.j 
(jL£j_JI ,_£.}| JLSj . (jjJI ^ jLiil! Ij-laJ) jL^iiVI I jut Jjlj SjLjJLC jliui 
i_Jbt2aJI jjJt i^jjLc ^,111 (j-IjVl SLpJI i^jLuLSLII Oul£j iSjjjjJI (ftjitJ jjJI 
3-la-LaJ. i_JLa-LaJ! 0J-& Cj^JU>. LaJiJt£.J . <j^>- J^j-il! idALI 4J3jj_ll «lj-UaJjl 
Cj lj_»ii_>J I j jj_jJaJlj ^j^i-^l CjLjLlJJI JLjJUs. (j-o - ■ La ■ J doLc 5_ijJLll 

^^.a ^1 . ull j-LijV d j 1 nil Li *Lu-uL-ui jju>-jijjji! 4ijim Ljj_uSLJI oJljLo 

La J^LJI ^-J-«^>- (_^-3 -> I » U 1 1 j^a r-LliVI 4_ui£ jj_Sj I j*U ,~. .1 oJljLoj j«JL»J! 

4iAU Ljj_uSLJI (j^j j_u£j . LiJLi «L23jl LtjjJaj ^a ' " • " j 1 (j-"i uj^' ' J - c - 
jIuji^Kj Azobacter j^SLijjjijI JLlol ,j-o Ljj_uSLJIj . SiiLClo <r< 1 .nt (j^>-j>J-iiI 
Desulfovibyio j^j • " a j-^ mj ^ Clostridium pasteurianum *uLjjj"i uL ajj ju 

JL>.| J-KJJ ' Sjl!) ^1 *L>.L>. L$J I.~i I njlj '(JjLc CjLlj (_gl I—iLlC. ( _ ;r 3 (j^-JJ-i-^' 

I j -1 1 ulj iSjl_>JI (jJaLUI (_y3 5jj^II t-iL^ai-l (_ya LaLa Lj_uSLJI ojut fl>JI 
I j if ^1 *-^>-jj j-o^l (j-3 1 -ilj-LaJI (jl jJ-jj o^J . beijerinckia Lt£LJj_L»jLi 

«_il Cjli C i i int 4_i£.ljjJI 4_o* LUI (j-o L$j| (_gl nj^jj-JjUill (j-o !M-jls Cujj (_^ 
(j^-4-! 4_jjL«JI 4_jj_lJI (_yi *L>.LLo 'L'^LS sLujjj^ jlj^ tiJLuk '-"< 1 njlj -J-i^ 
^Jj . ^A^*- JJ-^-'-J ' (j-* «L»_3Llj1 OLx^SJl C jUulU ^ya pJ-iJi 1 J-A £jja Ljj-uS_Jl 

o_u1j V (_^-j-II l£>^^' Lj^ xISLjJ I I j^^l j~ 1 uL ox.jl 1 ill jljll ojut cjjl>-j 

(J Ij I 1 a SsLoSLl jjl^-JJ-'-'J' Cj-jHj V LjSLijjcjLi (jl (_y3 1. 1 1 nil Lai . (j^- _i>"J ' 

u± I j ' " IjLuJaJI ^ 3jlr La jui! Ljj_uSLJI ojSLj j^j . I4I J*. V 3Kni« 
(j-o ( _ ;r l : i£5JjJI ^LsoVI ^3 4j^L>.j jji_j£. I j jJ I «_iLo LtJL^c (jSLj («Jj .j-iiiJU 
. Ljj-uSLJI a'jjt J!l4-! 1. 1 1'* (_p=j^l jIjlcLi ^^IjjJI r-LlJVI ^ 1 ii-sj 5JjLajs 
lAzobacterin (jjjJ^LijijI 3jL*j ,_p3j^l ^j 3^*-jjJ 2 ijfc.f ljj-o' Ij i**j J^j 
1(j ILi£ji.iII ^L>oVI fj^a aJlJ-1 1 nj Azobacter Cjjj^I Lj_j_uSLi J" j .>.-»*,.. «^ *,j 

La Ij_uSj . l_AljJL>* (—3 LuJL>- I flS! mi Lt-a i j\jLijJu\^ (j\_u_oj)jjl »l rt Ull (2A-Ij 
(_gjj| -i j ui j ll jjJlJLo (_yi l)^ *— ^^i '-^ O J^' a 'L^LkJiI 3-Jj-jJI C^jLS 
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JLjJLtj jj-a jujjj . I j i "^ i 3 JLiLall 0JL>.j a jJL ^jl Cjjij 2l Ljj_uSj 4_jjI O-ij-ual 

Auxin like dl i j i.i^j^L 2 j j j u< j!j_o 7*-^-£ Cjjj^I Lj_l1SLj jl i k-a j_l I 
(j_a 4jL_^La_a S^Ljj (jj^ j_«_(JI ^ Ir CjLiil 3j^L>. .ilj^s ^^j-substances 

,j»l*kJI ^ 

^ 4j_«_fiVl SjUJL<i 4J3jjJLl glj L^kJI L-JLseJaJI (jf VI i3.pl i^'i^VI (jLcujVI 
• t __paj 2I ^ ia-L^a^J f-LuLu 2I j J ' *-»* I I j i I j j la 1 C^>- 4_u^_L>JI 4j .T^^tl JjJaLiJJ 
(^ 0LJ.I-J SjjjjJLLI £\JjJL>. Cr^ JJ J J i^i-sl ( _ ;r <-uLu/2l jj LaXI (^l^j L$j| VjS 

r-LiiV <*\jjll 5jjLUaJI »lj .'^A-tl , ,1I->U1I itcljj JjL-uj Watanabe ^LjLjIj 

4 j i'pj— a «l_j-^Ii 4-j-La^ A Ij 1 iij oJL&j . jj^fl r-LlJl ( _ ;r 3 AjLy" 1 nj j Ltaj. 1 _s\ < r 1 

ij^-^^jlujij ^^_>JI ^j^j^SJI JLu_uil /jtjLj (—jljLjIj CjLijij^Lus ij^>ii !il i L*_a 
' jLcaJu ( _ ;r jj/Lj/2l a I »ull ^^ aL>JI 3.}Ltl ^1 (j 11 n i"ill sjj^a SJlC.1 i n<i 1 (_gjjj| 

.^j_jj| 3j,>,jVl SjiLII 

L&j_ljLjj icljjjl ( _ ;r 3 CjLjj|j£LlU 4 jn it! (J^>- Ltj_<j/Li i_ijS O-aJl JL9J 
(j^s L^jjj^j 4jj_Ua->JI SjLtl (J1->>J ( _ ;r 3 Ltjj^j I j"_'j ,^.^-j ^lhJI S-^J-^ C"^ 

Lot (j-iji (Sj ninVlj 3j>UI er*j) 5^ljj-U 3jinj\>!l aL>JI ^IjII (jl . jljjl>- 

!il"i mVI dJJi ^l jLJul Li^ 4;Uj|j£LJi.l /tjljii! JSI JU Lalj sLujj^Lua ?hI>J 
rl SIJVI (^jj-u I j-$£ t_iLj^ (^ liiiol Vj . ^ in. jLLa Hugh Nichol J^SLu ^jj* 
i4_)JjtlJLj (^Lu-i (LctaAJI 1 JLA (jL^ ^JS )t_aj .4_u_u_uj CjlCj-usj^s <^1 jJLu La jS!ij 
j_^c. (Jj^i-I 'jJ-°' Lill (A (jLa 3x.ljjJI ,2^c. (j ii" 1 nj V SjjJilII plr (jl^ lilj 

. . . (<iitil I J jjjj I 

4_^c LLj^iJ I dju it. a I j^il lt*^- (j-"' S-^H^' o^J • • • yhj> S^_jjj 1 LilLut 

5 j ffit ^1 .4JLu j La seu La Jjl Sj^JI (j^ LS-^Lf 1 -" <_^»" f'- ' ^ ^ , _i>^!- <1 -^ 
4j^Lnla (JLc>.l oLpjl CjjIjI J^ 3j_«j>J,I sLJa^eSLJI CjLijj_Jm /7LHJI (_y3 3j_L«iJI 
» j ta-j 1 "j V-ljL^ -il-^J- t_iLj^ ( _ ;r 3-(jLcaj , 2l ^LS I jlj .(_^3L>. pj-ij j mi ill (j-o 
(j_o Jjj-' *^4 *— ^J-"y 4JL9 i4jJL»jJI /y^ 4-uj/Lu/I j_*jJI (jL) Ls^L^s /ailjJI 
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. (7) . jL^bJL. j» LlLJ! JjL: <yj a^jJt 

Ijj-^jJj (_)IujkJLjJ (jy-^>* \>k>- 3_}JjL4_a CjLlL^C. (J^Li- jj_a 3j-uJ1 d-CLLua jcIlJ 
JtilS LiU J *-«J • tj^-" -1 ! U* -1 ij^~ ' " V "^ ' * . "j J **• ' J^*- 1 V°* I 1 Jufc ^—3 j-Ia-S 
L<j_S (OJ> 4_u_u c_3 21 I 4lu_u J^t_i J_Lo 3j-j_J1 jj-o LcjJ ^j-Uj-uaJJ «.LaJL3 »JLuq 
^jLajj-Jl a 1 J-se-H-m 1 (J-J-S 7c ^ al\ * j>« i £ya 3j-j_Jl ^.LoJiiLJl Q^JJ LLajj-jJ 1 *JU«a 
^—3 <d_j 1_j_lL_u 2i j^LK-tTuJ 1 » 5 * i : 3j-j_J1 4x.l_La ^j-u-t-u 2 tj-^j /^1j Li_l3j . j-n-tlu.ll 
^jtjojj CJ"V r"J'J-^ ^- Ju0 '-. 'Kj ^r^'-i (J^-* (_y^ ^J-y (*-* L^-*J^ J' A J^ 3j_a frUj 
-i1j-« AjLJr"i i imj .Malting «Q J 1 0**i H» 5 j 1 o »t1 £j_A ^ o i uJJ «^Lji 5"r n ^1 

(8) . ? 

1 Miftl j i uSu (j^-Ij ' alaL d li> mm; cJIl Jj-2j aj ij^L£L_u L?dia hydrolysis 

JUJUu oJJj x-SJu f^j . L*_L<ajs. t Jill" 2 <— i L^jJj 2t ' O' '— 'rP* J-'*- UM -* J^- 1 -"-^' (-r^i 
tjT lJ1 7-^La2lj «U_Lj_a2l jjIdLjj^ 2lj j^L-uJI 4_La ^j^lJ t^r^-J l£>^' ^J-* ? ^' Cr^ 

L^_jJI i ^1 ,^"j 3_l2LJ1 CjL^jJjVI Jal nn l_o2jj (jy^^ ^-jL^JLII ^^ malt wort 

jj uiAJ I £jUfcj . 5j-a <= L^Sj I g ■ ' ■■ < ^~ (_£ (jLu JJI (jla-ulo-) (Jj»_L>J1 Cjjjjn. JJ.iu.3 
1 JUfc (j_a C-t-iTuJ 1 tjlS jjlj 4_u3^L>J1 (_£ Ljj-loLuI J-4-i (3,3-*^ -^'J - * '^ ?' ' * a J. ' ^" 
udjJLjj 3j-_j_4->J1 L_al_Uij 4_u3^L_>J1 Jij-jj L«j_t£.j . i^JJ^- VJ aILj aJ j-«^i 1 

l_Aj_4-i CjI JU l^j t (Q-Cj i Lulj_A 2i LiU j JUlj j_<jJjj L»jj-(_u ^jJe-i-uS 2l 5j_uj_>J1 

j_4_i L_k3jlb ^3 tQ^j^SLII j j i nS 1 tjr jlj jlx.j Jjj?e£LI1 ^1 «U-3^L>J1 ^^ j'C i nil 

(jJj^tliJ I (j-« ^J-^ ^ kjLJ <— iJ-^"-U 1 j-A L>. j^^J&rJ, 1 (Jj L_uJ 1 xj-LaJfl . j-<i-u 1 j 1 j-^Iu-u I 
(j-SLIj i4_Cj_Lua_l1 5j-uJ1 pjj u i u> Ajbr"i i uj SjUJLC CjI m i hXJ <_LJLLAj 

1^ I j ui-j * jj j i ■■ (j_u_j_<_u_] La j j LSLi-u ; 5j-j_<j^>j 1 jj-a ■ La 5 a (j Lc j_j a Juse-ILui-i 
<j" J '" ^J >J .' '" b^ *(J-" 3 - '^ 1 ^ ^ 3 .' JJ ^ li S.saccharomyces cervisiae 
(J-ajL-^i^j Lj^jjlUj Jjj^SLII L»4J»3elJ (jLcjJJI j^jlo*! j^j icarlesbergensis 
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_ a lj (_H^-) 3j-j_J1 d -L- tT Lj CjL>JL*jJ (j-a pi J- 1 ' ^J^ - **' ' n"j . I i g-i3 c_t_u_ujHJl 
( _ ;r ijJjj .(jjj^tll! *L£l I jj'*» c-ljU-ujjJ! f-i-lj L^jjjLij - u a~, -^ . I ^ I . -». t j (^Lj^Io 
lactobacilli ,j.i I mL j^V Jla 4-l»-jL>JI Ljj_uSLJI Jlij jf di!i <j^. ^ ^'» 
jLuiij (j I (jSLaj L$JV flj-laj utll Clou acetobacter (JjJI Ljj_uSLi) jIjSLij'ji.iIj 

(_& j^_a VI 0JLA jl . lLLlL>J1 (_)Ja_aL>. jt lLLjJUIjI (_}ia_aL>. /tUu LaJU£. 3j-j_dl 
(di.jj! (_ji^. I air ija£j jl (j-a 3jJ-*J (j-^J '*JtS^ 4^,1 ii^-> ^^ 3ij_>JI jLSjl 
.4_lLul!I OJLA (0-3-3 (j-3 fll LILS-a. (_gjd! aJL2jJI (j-a 
LtSJj i^JjLa-o j-aj^j 4- xL q j U rcllj-j-aJtjJJ c^Juul j-j-t-sa^. j_Aj- J_j_uJ1 r-Lulj 
<LjjLl!I a\ JL3 VLi (jjjj^JLi i—iLicVI j . *-. »"j . <L^jLiiji d-ila-i 4-J t~ ^1 r-Llso V 
(0_j . g\_ 1 l S - j LjLS-j-a cLii-jj-Laj ^J-li rdJ lLLJ j jiJ jlj ,<d « lJJuJI 4_jjjJaJl /^-Aj 
S * - ^ J 3 " c^ 3j-^5_>J1 /j-Aj i 4jj_aJ1 3j_u3_>JLj j-aj»_)j j ^ ' &ju\ x_aj»j 
3j_j_a->JI oJUtJ •(*'- c - Cr'! (*^ (j"° '- X f^' (_Jj-a1^>-J Cj^lj (jjJI J! 3_^Li!l ^Ir 

JLuJJI » I j i ->■ jL^ jlj S.serevisiae (_gl j i ■j-yj j • ■■ •<_>" 3jj-«-iJ 3-iljJiJI SjlJoj 
CjV^L<ji I j *" tJj-ajLa-" 1 ujj S.ellipsoideus (j-ujjjuj i m ntl t( jji LJLc. Lj-Jj « 1 nj 
V Sj_ljJI 3 jujVI t;r j*JLLa (j-SL!j) 1. ilf VI ^ylz. LujjjLJL^ (^a LJLp~' 5_lSJ 

4->JL*JJ (J^L>- (j-a S^Jaj 1 uJl Cj->«j 4_^>-jL>JI LjjjSLJI (JIaJJ . (l^jj-ajlir" 1 nj 
(* J * S J LtaJ I Cj LLjj-jSo-uj jl) Ouj-AjI JLu_u^l j-iu c-*_ulJ1 j y ■**' 4-uj^ All 
,_p3L«j»-iU I aj" 1 n a^La juc gj; jSLII JU 1 11^? (jj iii tz~lH (_pJI Sodium thiosulphate 

^j-aj . 5 j, j a se 1 ) L^_La u^j"S iU 4_j_a_i_u JUlut «L>JL»JLI i>J-Aj S (c_<_l»j1 j j < ^^ ^—3 
^1 i^-ijj Ojj-jSL!! (j-a 3_j£l^ S-J-a^ 4al i'ol J-fJ-<-!l 4cl_La (^ iflj_>JI j ir^iLi^. 
» * i ->" (jJ-II sLiajjJI 3j_u V! Lai p»Utl ^| i n'gV (j-flSij V LjJSJj i. nU J^^ 
U-&£ 3j£Ljjj 4l>.j_a ^fl 4J9Li£.Ij OjjJUj i>jj uiS cJjj' l_£ J-" i_j-L«JI JJ'^** <j-a 
«(_gjijj| IjjfuU J!>Li. Laj-u^j ,^SLajj Ouj-jSLI! (^ 3-iLjj (j-a (j-JLtJ La LJLc. 
Ijj& CjJLaj j_aitlll (j2 «Ij_«j». ^^J-^lj-a^JI SJUJVI Lalj . ((j jjj t—1 L-LtaS) 
LUajJLJ (J^l L^JI JJ-j-ii-4J^lU jljll (j^ajjej i ■■" Oi-iJtJ jJJLillj jj ui S II ±y>"$ 
jj^I jJ^ Cr^ L$5!ji>.l ( _ ;r 3 (j-a£Lj i. i i nil (Jj«-Ij .CjJjjSU! 3-iLjj (j-a t_iX.I"i«lt 

Ljj_uSLAI a \l ■>.« tannin (jiJLl!l S^Laj '. »l i^ixll SjujVLi SJjLiLa (jiJLUI ^.a 
. LvL»JI Jjat La^^>.j ^ ou^-iSLI! ^1 4j>-L>JI ~y~~ diljjj iLa jl>. ^Jl 
CjLjLaJj Sj-Lvj 3jj£ j J'^*^ o^ J i> J> -^ , yose wines 5_j^ijjJI SJuJVI » ' i ajj 
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(jLSLol (ji w * J ; laj -C jjj-jSLJ! S^LjjJ LJLp-l u^sjjCo lLLJJJj ,d.\,^\\ t_i_L«J| 
(jl (j^La-1 V j_al -I i a j j II j «lj_«_>J! SjLu^l /TJ-4-1 Sjjj^JI Sj-JJ^I 4cl iir-» 

3jlu 2I (jt ^—ii ^jL-uj 2 1 ^j^*'"^ > (ji »— t^tjj . (j^_a^L>JU jluJjI pLu-a . ^y** J * 

j^ dj ^L] LiLo.1 * Ix^aj Lajl 1 1 11 ijJ3 ^^^ «U-aL>-j d ' ^J^~J ^-^J^' 
j_uiie3 (^yjt-Sj-uJI 3x.l_u^> ^^ Lo^- JLujJI 3x.l_u^> ^^ 4_uj/Lui2| 4-lLu<JIj 
^j^-> * 1 (_J3 Aj^UI 3^-^ 4_Us^-<5_>J1 Jtjjjjj .3j-j_4_>J1 4lsL_u^j ^N 1 nil (J^Jj*_a 
3_<JLc 3 j 1 n't fj\r ^gjljo Ljj^ Burgundies ^JlJ^j-j^j 3 j-ul <L,aLi~j Sjuj^l 
(j.ili.iLj^y Ljj_uSLi (_g^j3 i_3jijJaJI ojut ^j .malic dLJUl ^j^i^ (j-a 
^j^ 1 a. dLj_>j ^1 JLuJJI (JjLoIjj ^ jl cL^Lall ^Ir Sj^j-jII lactobacilli 
.a^KJI S^j^JI ^^=3 di! jjj .-It-i-bVl (l0) dJLu£>UI ^^^ ^\ dLJU! 

^j^-> * 1 x_j>-j»jj f- S J**'** *~J '' 1 1 j-ftJtt T Jl '• 4- LL a- t Jl 0JL& jLuJJl ^1j-^>. (. 1 11 ij 
^—5 L&JJj (_ll 4 1 1 u 1 (jj-uj_*_u (- i nl (_lll-3^J_>J1 9 I uaj Jl SjLu^l ^ajLt^a^. 
L^LiL^sV 3j*_l1J Luj^>- ■"•^^■■^ ^^1 t_iLi£.VI Aljir'nil ^l-Sauternes I 1 n'ij.3 
j_«JL«j j-juJJI S.g.1 ii^i oJl£ Uj .Botrytis cinerea L^ j i im (jjijjjj^j (jritj 
t_xjJLj/Li j\j <i~ 1 11L -^-<JI K^l (jl^«*i (^r^ 7° .' ' a ' lx?3J 'i*' j » V"tl (jyi^ 
Bodega Cyana LJl j m L*_jj>j_i ^^ J « a jl j dilj /<u jlsj • Sj nlmll j_«Jtl!l 
(JLJLal-4 Ijjill si 1 1 »al cj I i-5 j LLaJ. I Sjljj^I (jSLIj .jjO-^-j^I (jJaLLa (_^ju>.l 
jluijjj (jjjjjsjjLi/j Chateau Lafitec^VjjLi/j Chateau Latour jjj VjjLJu 
i3_<-3j^. VLax.1 L$ia jh£\ 5jIs '"'IjI LialJl ^^ Chateau Mouton Rothschild 
(_jJiJj-jJI CjLlLi£.j c_jI_Lc VI icljj Jji^-iLaj (ji^. '^J" LtjI-LLal J-*JJ>J -il^LjJ 
a! j 1 ■■! jj-a «L>*j^ f)j i^>LaHJl i>J_A c-JLLajjj ■»■ * %* * 1 1 a ( j : J3-^ t -^^ J^i- 4 — t -^' tiJLJ 
1 , . » I " Vj . Sj n "1 1 11 4_jJ| 4-U-a-C 4_jI (j_o J-k-jI JI^J I- 4_uL^uVI 3j_jiJ! 
(JjS (jlj i^Luxis Ijjj i_jjl1j jl maturation r- LtaJLJI 3jUr ^ Ijjj CjLijj£LlLI 
i_LjlaJI JLujJI 1. 1 1 n'C j i_sl_i£.VI ^ylz. ^y>.jll oidium ajjjljjI <j-i*-> Cj^JlII (jl 
4_^Sl_aJI (_p3l_«^>.l (j-\_] 4_Lj_«_a Cj^LcLaj ■«• < V> * 1 1 s Ljj| lijjLsoj .3^La gi gS 1 
t. 1 1 iil^Jl (J^Sjjj i4_ul jjl J-ji^. ^I^-LI t- 1 ( i^J (j-a (j^-«-o jJ^5 CjJL^jj ijJ^tSJIj 
SjLjj^I (j 1 11 Vn (jl (jSLxjj .jjuLlllj CjljJajJaJI (j-a ^j" 1 nil 1 . alaJl J^^-^l (jr^ 
j^_AjGj jl »^ i n" (jl jL>> (jjj i LoLc I 5 j-4-*j1 (j-a ^-Lp (-r-^ ^Ij-laLj *1j-i3_>J1 

La M _. I ^ a sLu^jlJI SjlljVI Lai .(^jj-LvJJI ,jjj ,_p3j^jla) iluilJI juu }Ljls 
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}" in" Jjlj (j i n">-**M 



Cjj^jj Sherries juj j uij madeira Ij_jj La J!Lo reiforced 2jjS~t I 3 juj^l Lai 
jjjjj j*\ i. ill L^-JI ' flj-^al 3ji±j| l^i.iLml (^ w ^' a Vermouth Cja-aj_jJ3j port 
Ijjj cjLij^SLlLI i. i»I" Vj . (jLo-al ^j*-*; ^ ; A .~..s- vlj J^eSU! jjjs (^j^LUsj 

j, a V" II (j_a lJljjJo ' «a 'I *~J^J Jj ' 4jL>- (-J3-aJl^-**< i hjij .Cjl_>JLtJL1 tfJLA (_3 
J-uslj-i ^ j-nitlll Jjlj J-jjJ-JI j'j-°l («JJ < ^^ w ^ Solera lj_Jaj-u ( _ ;t x Jj jn'mtl 
(^Ix 4-Jjj_a *j uix L* j Jx ;<-Lu (jl (jSLajj ^Lill ^1 L$-La jj£ (_£ jj-J . 3 a j a * a a 
jJj_LI ^ J Lax (jj *"' ' ""' ^J . (JAjj/VI (Jj-aj^JI (j-a Jj-jJJI y-jJr"i i uJj .^IjjJI 
(J_j-aj-j (jS ■- la i ■■ _ 1 C j A !,-» " j . £j\ ', , |, 3jx j-o* 2l (_ll (JJ^I (Jj-aj-AjM (j-a 

I gJcSLl a S.cervisia I j . n j'^jji " -(j-u 3j-j-*ie-i 4 i ui 1 1 3jjjJ3 3j_cajJI (j-a Sj uij3 
tcjIjjjJIj p»utt (jAjlj i_jj(_)£LlU ljj» i—i-uJajj S.beticuS(j u-SLujj .qm ^ a i n" 
jjJGll (_Liia t_ijj£LJkl I JLA (jL^ (jlj iSj-jjjjlJI I gj-u.aLa. jjj j ui II ' _i i uSj (_jJjl 
(j-a I j-*- Ij -»" i ■■' Jjlj j-jj-ulJl (yJJ»o (QJ . (J^fcSJl (j-a JLuJjl 4j&jj*j La (-lx 
.(_gjJ!j-i!Li (_£ajij_j ^L>JI r-jLtaJI J-u-JLi !j_Jaj-u AjJ T" 
dJ-a jl J_j_uj1 (j-a-Ljji^ 4_o*J)jJ1 Cjujj^ Mill (j_a 0j»jXJ-(_£ jjlj-jjl j-IaJLjJ 

«LL%.j-a Jju I ibvjjjajanj (_3 *)\ j i iX MJ j CjLjjij^LlU c_<jl1jj .j-aJtUll * )^aj->Jl 

. dll j (j-a ^>j5| 7-j_JaJL) LgJ (_p3jjui (jjj j_ajjejjl 

3_»^>Li. Sjjutl Lgla ^jjs-VI SjljjjJI 3 JujVlj Champagne Lul ja uJI Lai 

(J^ seSjl ^J-u A-Lulj LaS-j-ajJtjJ I (jl . <^>.J JJ-a j-aj*j 4_u_aX AjJtluJ Ljp2 
jj-a (OJvLJI jLiJI (jl «J3l^Jlj .(jajj£L!l Jj i nSl (^jLj jLc Liiajl /jJ-b Lajlj . U^'a 
^oJ LaLaj ^LjLs (jaSj jl (jS_4J-c_<_(ju 1 j-jj-^ax, jl dJLLi f-_jJL 4_i^ JLjj-j-(J_j-aj-j 
jLiJI 1j_A ^j^* i (j u i"i"rjj . 4j (jjJ-a (Jj_aj-J (_J3 (JLaJLjl J^>.| (j n i**i^.l jl-CjJjx 
' * ^"Q^ 3 J.'*^^ ,J -^-^' Jaisejj . Lul i a uJI 4x1 iir^i JJX. CjL>-L>.jJI (^ IjLaX. 
«Lt-aL>- 4jaj3 CjL>-L>*J (_j3 Luuj Cjuj-ifoJl (j_a (J_ti2j-«Lt_i_oLLa «L5_jjJaj 4j>.j-a 
j-aj*jj /S^>- LJ3aJ3j (Jx i-ij^pJ (CJ (JLoB 2l 4_aSj%_a (j^JjiJl (j-a Cjl jl JU_u \Jt> J i uJ 
3j _i q "w i-r-^J w J ' " - ^JJ J ' " *(„>" ^J^ 'i x (j-* «U-aiJV 4J^Li_o ^_a_uj3) yJau 
jLa-a-iVI (_g jLij x_a Jj-jJJI 4_bj£L! *L^LS 'Ll*^ jLiJI (j-a /tj-yj i(Lul j a i"ill 
(J^L>* JjJjIu fida-U CjL>.ljvjjl I 1 1 ^"j . 4j^-j">- i^> «Lj_jj_Laj 4_LLaJLjl ajJ LaJUX 
j ^" , ,."j (^jLul (. a i u") (_j3^oJ3j (-J3 ' i ^*~ (-r^- "-"'j •- J i aj (jyJ^>- jj ^ ui d * L^a I 
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ft.-; AifciJ I (^9 CitigjS.toJI 

S^L) i n II JIjj 4_L>.j_I,l ojut j_Lcj . S_a1 J i ntl (Jj-I-S (jlr <_i > nlj-llj 3j-«->JI 

*ss*->. i_aLUajj ((jlmtl Jj^j 1 nil (jLo~ 2I (_>^ulj (_y3 jLjjjjJLj CjLvLj-jJI jLi^. ' 
JLuj (—Jl 4- jL » j ljI 0JL& ^JiJjj . 4-Ajlifcjq t. < 1 11 n ^Jjlj-Jlj Cjuj-iiJl ^j-o j^jslS-a 

d ' ^*-^J 3j_u 21 Lat . <^>-L>.jj1 7*-^ jjlj cUj^Is 3jla «L)Ij^Aj u^"-»-ij^.>ift 

(^^ CliJUa-J L*i (JL^ ' '** * ' *a Cj-so 4_&L^JI SjLu^l 4_Lij£Li » ' . V.'a Sjlj^JI 
. L*jj-i_u 7r i n 11 1 ^ o* U ^p^jjtjjj . I Sfl-LtaJI ^La j-Ltiaj>o 
i_ajj^»JI JjlJJU ji petillance ((jL»_«_UI 3_ljjjJLi LaLula) ,jj»jLlLi Lol 
(JIjLJj^JI ^jh » Lca-Il sCjJLs* =LlL»J,I SjLu 2 1 ^j*-*; ( _ ;r 3 JU>.,(_g (_gjjl_j 1 fl-iAJJI 
(LuLLaLfoJl 4_lLj_*j) ^Lfux t. 1 1 1 11 ^—J! gj |fl g La l^J-*- 3 L)' (1)^* ^J^ _ LLajlj L_ujj-5j 
^^Jj l_4_a fi/- La ul j-^itlll jlj g" 1 11I jcj j^aJ^ T JI ai_4-s (J^S JLuJjl d 1 uu 3-&J i 

. 3_Lut 5jjJ^ -^-^' ^J^ Cr^l 
(_j-i-!l dJLLj L^J-Lta fllj j_*itiU i_JjlII jj'^"~ (j-o SjllLa-U Sjljj VI » ' . .-."j 
^^^uJLLajVlj jjjljjl (—JL&I ^j^* 1 tl)t «U pi 1 nil jj-a (jiS ^jlj ij^J 1 n ij-fljl I j* * ' a 1 

(jljj-so ^Lolll L«jt ^X-<-j-D1 «_iL^5 SjJLSj cj-ulII 4_j£.j^3 ajjuiJI (_^i^.J .4 nU 

3_tj>JI jl SjujVI » '" aaj Li£ iPerry j_*jJ,l (_gjil<iSLII j_^ax.jCider jJljLJI 

jjla i4jjLtlI! (_gj!L<iSLI I j 7-LfljJI 3j_ul »l u-muj .3j_uijjl 4JaLx^jj <L^SLi!l 
)<_a 4_UL_j_iJa 4_n_t-saj 1 5 1 1 eaJ L^Jt ^1 i4jj-i 3j-u3J>- 3^Lc gLaJL^-"i i nil 3j-ls_>J1 
aj\ ■*<~ j-i-aJe-Tu . :, ^"-2 _.<_.,,.< /. 3_,u>. (^jtj Pulque-dJLLi 3ju>. ^,f i3_^Li!l 
^LlSLj 1 j ' " j La S II t;T ^jjJI t_!jj_«iJ.I 1(Jjl!j Avage(i_aLvl pjj " J L-i-ai I 
(_gjIr>o L^j^ i^ljill 2t^jlA SjijJI ^JLAj . (,ji_Lijijj^l ^jJ > j ui VI jjtTequila 
(jl (j^-4-ij i3j_uijjl (jJI S.aL^VLi 1 Lactobacillus^ ..1 . nLij^V Lj_uSLi t;r L. 

(^SLs-s 4jj-±J1 3j-uj_>J1 ^j 2 t \j LgaJl 3ju JLtlo jjjLLll ^—5 d c j LctaJll 3j_u VI (j^^J 
J_j_AJJL1_lj_u 2I ^JlLa d_i <i 1 n II 4_i_j_»_u3 jwqJtt T Jl ^Lul 4j^ju ^jI^-J ?^-tJ tjl 
,j_a j_Lc oJsjJ,! j_aj_LI LuLj/I 3_Jj_lLI 2^1 ;.^.ll qj£j j^jacetaldehyde. 
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iji *_ aj -n atla II Lilj-a jj-a j^iSl (J-ojuI jL>oLj ^yu\ < n~w ^1 (_£ jj-aSj 4_jJjJJJ 
aUJI c-jbSLJI I JL4> Jit. (jl£ I jlj . jUoVI (jjl ma>b tj-#j jf Jj5}UI |>° (j"jl'°l 
4-^1 Lc^aJ 4_lIlJI d A . -^ j 1 1 , ,^ . , U 1 t_3j 1 n ^ 4_lLgX. iUj_i^ Cjlii «iaj_*_a aJLoj JjI 
aLjljI (j_a l 1 < nl— (JJ J LtaAll ^—3 (JjJJLI /^ *j J < «a >■ I (j^-4-s ,)»-A3*' (I) - * L - k r!- u 

* )1j i ii II ^ji fQ_A2lj . I j ' rt 3jJi3Lit_a «L)t c_<_l>»j *_a 1 4JLia-mJ I ^ n i nt d A , ^jtl 

3 1 S »t I jj-a->Jl£ sLujLv jtiil =U i." 1 1 njlj (J^ieSLII (JjIs ' a-UaJ i_ilj_<I/ /JjUI 

.3V_p*a i>j-4^tj 5>^a ^j 2 'j-^- 5 

Elderf lower champagne ^UlnJf j£Jb j LilL«ai 

3*" J Q' i nl til J3-AJ ^l- 1 ^^ 0~* ^ * ' "" -3 s *-* UL^*-* 1 — ^d ' ^ Ala] p Jijl *_aj>.l 
1 ^ , U I j t3jL>Jj. «L)j_a_jJ ?s_llj-tlu (j~^ L^-*-*- 5 -*J jj , * , ^.tl £ Lo j^a ^jjJL^ ^—3 

L-d-ua .j\ 1 n tl jj-a (JJsaj L_il_t-£ajJ ^LLajJ (_^-ia_jj 2I JJJl jj-a (^J>^^ ^"'^* rt 

JjU 1 l^j ,". « -»■ w ^> « (j^>- «bj-jli 1 (CJ . «L>. L>.j ^—3 d I if ^ «LC L_o 24 JJLJ Js3jJ_>J, 1 

SjLSLcj SjljuJI p-jj jlc^. ' "j""*- o'j-5^ JoLuiiil 3_a^Lcj •<*.' *j-^^ _j :=e - 1 

. 4jj-J 1 3j-u3_>J 1 j_a_i 4j^_uj Ji_x-i-cJ 1 ^-b 

. Ljfcl—LiJaUi (^Lll 2 j inL-uVl ^^LlII ,j_a 2G^Lii ju_lJJI I jut tcUsj-jj 

^^ 4_lj-j_i-Lj Sjj 1 a J 3.}Lc JLj>-jJJ (jjJIj l-i-A J-iJI 1 gSj gj ( _ ;r lII-«Lu3jju>JL3 
^^SLcj /jy^JI uj j"iS 1 1 1 j-c_) j*_lo_ij 3j-u3_>J1 j_a_i /jjJ^. jt^a- i"i i-cL^LaJ1 ' " * I j I Lag 
(j_o 3j_Lj».j SjHi Jju aL>JI jljJil 3Jljl t_jj*J *• LuLii . \-fr±j£ LSI j-o '.. ' ' ' ii" (jl 
j,<aJtt T J1 jjjjLloJ t^-ij-i lj-;P^lj . jLjL_u j-lC L»jlIq jJjj>* 2I (_& >J*m 1 1 n zlj » ajj\ 

j_«_>JI J-Kjcjj (jj_ij£LII j j 1 ..si (j-itii i_ijj_a ><_Lo ^1 S^jju^o cjL>-L>.j ( _ ;r a 

J -1 j"' VI (j 1 n->" 1 njij . (Lul 1 n Mill j-«i=J (_^3 (j-olSLII I JLjJLI jjtj) iM-lIS 4jjLc. 

.Cjjjc^jI VIj 5Jj^Ja CjljJLaJ CjLxL>-jJI 
(jLS J a a .3j_Li!lj SjLu^l TcjjLj^ (Jj^la P'dJ^ 5j a V" 1 1 (j^ill '"'I 5j uJ,j 
.(^^JVI a 1 « La 1 1 JjJLj^ Lxjj 'L^J^-I Mia (jljjv^l (JjjjJl2j sLaJLflJI (jj_uLJj_JI 
i. 1 i 1 11 1 (jl jj-SLa-lJ iCjl_jjj-S_j_LI jj—a SjUJLC i_Lal_a_ll j_a_LJ 4_uLLa 3_}La ^j^lilj 
StreptOCOCCUS Lu^VLv? .(jjl£j£jILlj_<j/ JiLa q\ mJ^U 3jcX.j_a (_JJJLC 1 j lA«J 
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<—ijjS-juaj 5_uiiUI ^ i^jiiJI i—il^ltl 1,1 1 imj (_gJJI t_!jj£L<AI jj*j tagalactiae 
(. ij iiij jls L*£ 4-uiiLtl ujS (_£JulU ^pal^a-VI (2>c Jjn.iU Brucella !M j < "j>j 



«L«j>.LiJI j Llaj. V I (j-o I liajl (_£jJLJI (Jj-uJI (jLS JL9j . (jLuu^mJ 2 jila> (_£jjlc 

jJs ^LJVl f-jlj-o (^.a 3jLjjljJI 5-j-se i^aJI JSLj^JI <jSL!j njjltl vj-" o^ 
o-j-aII ^ (jiill JjIjG j^a JL*j*V! j! VI jlU-^Vl a jjt, 3_aLi C'li^t"<»l 

4-usL>JI 2 j 'I . V.aVI 5j^ijL«II (jl Lt& i4jJj«J,I i^j Li J>£j1 I 4jJI JLuij j! <jSUj 

j jyi S-i^sLi-j-^Jj^. jJs o>^-i 0' oj- 5 u^LI' «Lcj ^1 jjJGll (j^LII pL>-jLi 

Ji^. (j i ii-». (j-oj 4 taj i uajI 4jJj_lLI Lj^LJI (j- J-i^ u^ '-. ' < "Jl (^^-jj Lola 2 1 
Ljj-uSLi ( _ ;r a tJ -»-LjiaJI (j^ill j^axj < . < 1 1 n" (jH-II ^- 1 LijO^i I ■* ; ■* I (jl LLo ^ j ilf al 
(j .i I i »Li^l£V Lai 3jl LeaJI j-lc. Streptococcus lactis (j.i'^V (j^L^^jIuj"..! 
rLlJl ^ AjLJ-"in" (^lll Ljj_uSLJI w j*» Lactobacillus bulgaricus <j^SLjjL>J^j 

(J^l O-o (jJJ (jj^>Lll) (jtlll J^-U/ J_UliejJ lilljj (djj^C^jJI) (^LljJI (jtlll 

j^lL \<)\iy-ij (u^J-" er 3 ) ^4^' SjJaj^js. ,jji ju^j I jutj) lackic acid liJLliil! 

^£, \1 ,^»-^ \1 «j II (j-uJl (_£^Lstjj .4_Lu3jJJ Ljj_u£Ldl (j-* Jri-^ 3-a-tJ «Lu_ul_Ls 
Streptococcus ^^LiS^aj-u ( j^L£j£jILij''ii u Lj-uSLi jjt jja>l u-ijj^-La^lr-dl!^ 
(^ 3j_j_«jJI jl>-jj jls L«£ . ljj-4-a 1 1 inji LwlL d j i uSLj (_g jdl thermophilus 

, U lujVI 3j "iXI (jr 3 ^jLu » j uiJ J-aL^ «l JLC. (_g^LljJI (j^JJIj . LiLoJ (_g^LljJI 

n_gjl_jjJJ cL^jLito 4_lAIIj .4_ujJ(JI LjijjI ^3 4" j n r„ doljj hji 5J l!I -}!M-jj 

4_a|j^ iia_Lc,j Lljj^v j_«Jtj p < njJI ^Ls. (j-J j j'a i^;,^^^^! Buttermilk 
4^^LilII aJLilaj SjUj-^ Lj_uSLi jjfcj i£Ui Leuconostoc dJ" . .15J3SLJ j^j i. . j i uj 
Ljj_uSLJ ■ ^j« ''-^ j^j ^1 JLijJI 4^SLJ (ljvjjj ' (Lactobacillus (j.ilmLj^^Li 
3jLa (jJ^Si ^1 Ltj^j ^ji^ia) "j j i a —" J^Li- streptococcus ( j^£j£j!Lij" . »l 
(jLJal ^j^lUjz i. ilr ? JaiqaeJj . (acetoin (jjj'ji iii ^ <i 1 1") p»t->ll 4ijLu/ 4jjLij£ 
rLul ^ylz. SjJo 3jJi^ L$J CjLijj£LlLI ajJt ,j-o Starter cultures «4jjLi» pjlj^j 

.SjUI ojut 
j_«ie3 (j-a 4jjIiL(JI 3jLl>JI jl 4ial>J Ij jjlJJI lLlLjkj ^1 <ixijjjij>JI (_g^ij3 

j_uiu>j ^K Ijlj .(j^_>JI 5-g.l i i^ uj& 3 j inLo/Vl SjLLI (j-a i_5jL«JI (j^ill 
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(jluulllg CiUgjSUaJI 

i_ajjjdlj (J^cjlI! CjI jlkjs <j-a rj^-"""U) rennin ,j-ujjJ1 fH)-^ (J^' <L>JL«^-! 
. Junket CjSLIjJI Jar ^ rennet CjjJjj <_^!jJal /<u-uLi Cj^-lJI CjLij ^ jJ 
-(jl j>^?l » 1 1 ajj .(j^ill U^JJ>J J-*J ' casein jj-ujLdl ,j-o 4]j£-Lij/Lu/I . SjLUJIj 
. SjLijJI f^ M-Lal i n n L^LtS J»*~ CjLjj^LlLI tiJ_pj-whey (_pij uJI Jj^iS Jjlj 

.pjj^sjJil (_^i^. Sj-^j ^j-^- 1 «LiL!l l^J-" 1 ^-* * jk»" ' "' Vj .4-lLsSLI! 

jjiLuujjSi Ljj-uSj >.mi uJ C^jL^s-i JaJifl 3j-o*j CjljUiaj '"■ ^**"~ /^Jl 3jLL>J1 jt 

<« Lua_a 2l » jLfuaJJl jj-* J "I JJaluj tij^ujij^u] j i nS" I fct3 ) o**' i ■■ I ^jLo* 2l 0JL& 
3jLi_>J1 (jLo*l Lot 4«LbLlS^iS1 3jLi_>J1 7t_u-ajj (_^uj-*IoJl ^ya j^S\ jJ-£ /Lua-Ajja 
Cheshire . . .j uufu jl Chedder jju_Ju (jl j -vl -I a mt-i Sja j ui I Ij <LuLuL>JI 
(jjs-jj 2 (^Jlj 3ju jUI ^Li^al Lolj , a u j » . >» 1 1 SjLiiJ! (j_a 2^ jJLca a (_j-£3 
I.", injt (_gj i_£j^.i Camembert j_L^aa^L^ jW^"' d-" 5 f-^ "'^ ^J qjlaj La>jJa-La 
i Luj-23 (jjjilll 4l>. j_o (_^o- j a" i in I j/*» Jl^tlll (jLa Lt^tjj Carre de l'Est 
.Oidium a^jJLjjI j La fl (J-5-a SjLLiJI ■» La i ■■ w I c j-aJj CjLjj-Lai 4-1 Aajjjj 
. «Lj_u_a 2l (_pr>Laj>. 21 (j_a <^_uIoLJ1 CjLu_a 2lj Lua_a 21 (j_a 5j j iS OLj o** 3 ^ IaJa 
SJsjjjlAI (jl_^>.^l ^ I Ltaj? Penicillium aj j 1 j ... '< ill jJai ,jj5 f l^jl jjs-uj 
3j>«JI j^-jjj gorgonzola VjjJ^vj^v jl Stilton jjlLlm ^1 <y\ Jla Veined 
aj_ij-_j_ILS_) J 'J J > 9j > Ljj— lT l S ^j ^_*3_ljj . 4_J^_Uj CjLjj-_La_aJI fQ_Ljlj-j>. /^j-ll 
j_u^jJI Jio 4j^ i.ijj mil (jLijv^l <Lcl_Lo JJ£. SjliiJI (^ Propionibacterium 
(j-c Jj'i in t.1 ilLu^ujjjJI ^j^-i^ » ! i ^"j lEmmenthaler jJjIIujIj Gruyere 

.* j^jj (j-* ■ JJ* 31 La t. i i i n" ^ jJI Q^jj^Jl JLu_u^l /^Ll JJ^J L4S ij-j_4-ll I J * la 

pl^j^l ,jjj p^j (_gl ,jjj I j-«.l*'»l jjLCaVI w -^'a Processed ,2.;,^\\ q\ <y^\ Lai 

jlj_4JJ d -» .1 .^tl SjLliiJLl (jjuLajJI JU>. ^1 JalseJ La 3jLc (_^jJI 4ilLcaJI 
d nw (jLiJvl (j-Aj • I JJ a CjLij|j£LlLI tl U ,". 1 1 i_aL2jV C-Jjjj j" i h n j<sj i4JaiL>. 
.(_LlLu3 JU>. I gjic (JLi^VI (jSLJj iLaLaJ 4jjJLaj 
( _ ;r i ( _ ;r IL>.j i4_4-lLi£. 4^J ^1 r-LLso 43jj>.-JLuJJI » i.^C-^l .->-VI «_Li^jj 
Q^'lj" 1 11 (jLij>.| (jl J-so A I «JaJI Si-I'.^i 5^jjiil I jja Cjj^jj (jjJl (^Lj^I tfJLA 



122 
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d ji Ul ^ rt ^^_3 Q^**< 1 j" mi 4-jj-jS (j-* * )j»JLJLj 21 1 * * ' a J 21 ^LJ3 4_jJLjJlj>J 1 

. (I -; ...A", 3jjJL!! ^ «JLuaj V L$JI i_ujJ(JIj) Huntingdonshire j_lAJjJj*-ujL& 

^juLojjJJI (j^*JI r^iJl er^ ijLSjVI <jSL!j iSjlxjU.1 c^LjV^II ^1 LJIj-u-J 
i^ju 5^\ j ■» i nil '"«'a " ■ ^* ' 0^3 *J"^*' 7$-*-^ ^ * ' ' ' "-* IjjLj-Lo ' I-/. 5jJL>JI 

jj I -^" ^jjjxjj ;j*J 'I . V.aVI (j-u jJLojjJJI (jl 4_uLLaj^jJI jj_>JI OJLA (jlS 1 a 
^Js L&j^jvj c_Jju 4jJLjJ2j>J1 d uu gajl j-u_a^_alS (jLo*) q\^ ijQ^jLstjjwO ^J l«3j3| 

^ ^ I -r ij 3jjlC. 2I 3^.1 ir^-< ^^ Cj Ll j|j£LusJLI (jjijOjJI oJliUI aIjLJ-" i uVlj 

3j_l*jJI i-i!jlu il '. 5jLsjlII ojut jux. LiJsjJsj 3JLUV (^l j Vj . j_jjiJI icLu^s 

7£jLiJI Q^jj£LII JLi 1 nM (_^jLj Q^SLii i3j_^>.j ">J-^ (j^jajuM ^jja jj^K 1 ntl j_«jjti! 
43U^3U 4-lLjjuI £JUb lJLj!2j ^S-4-ij . £>J>_ljv JUX. j»aj>J1 ^j" --■ " d u n'^ i"\lr 1 'V-> 
4 j-j JjjC Sj-j-ti^tll 4_u1jjl11 «L<i_jJiJl JLaAj lj3^j_u LtSJj tj-uj>Jl ljs^_t-a ^j-o 3j!i 

. Jjlj Lt-jja (_£j-u-u Lo 4-aJ^ 4_ol JLC. 3jLo (j-^J 
Lj_ijj£LLa lj-«iej i_Jj-«-s l -r4>^-" £y* Saurkraut CjjIjj^jjIjJI j j 1 a ^"j 

cL9^L_*Jl > j Laj ^ ul ( nljjjj) 2[ jj-* pJJ ^LLsL-u^j j^tjUjj L^jLoLajaJ Jjlj c_ <jj£J1 
dLuST^UI ^j^-i^ (_gjjjj .(_g^LjjJI r-LiJl (_^-3 ^JLa-'i 1 11" (jJ-II (j "I ' iiLijjSTV pl>JLi 
Lo? ij^Lial ^jjiLLa ,Jij>o (^f ,JJJ jLjai-JI JaAa. (jJI JijLl!l (dLujJJI =) 
(^JS LUajl aJLJ-"i 1 11 j Li£ J_Jj»jJI (^3 SjjjCj Ajir'ii.n ^ JJI-Vinegar JjJI 
^_A jj>. I ai_A ^-jI Jlc ^j^-> i~*~ jj-o t_tinjt-o jj^Lt-o ^ja-^-A^jjl & I * La J I vj-Lgajso 
(j_a /t_L-i-j (_gjL*jJI JjJI (j^j j-jj^ o^ Lxjjlsj .Acetic acid lLLlLJJI ^j^-i^ 
LilUtA (j"2?l 7r j r r^i I dili (jSUj ^^LUI ilLAjJI ^j^ -1 >J i.i 1 uLla i_kjiiej J!>tji- 
JLujJI :4jjjl?"tl 3 <iKtl (_^-ij>J w ^' a Vinegar 3 nK Lai . LJLLajjj (^ Q^JLai! 
J^L»~ jij-yj • Sour wine S-jj-lLsoVLjj Vin aigre 3 j in'ij-aJLi ^^-Aj (jii^LsJI 
t _^uLJj-aj" j 1 11 1 j Acetobacter j-ISTLij" j 1 ul) l£Lj-L>J I ^j^ -1 a. Ljj_ljSLi j_u G 
LajLLc SjLkJI (^ LljLiJj Ljj_uSLJI i> jut jjsJjj . JUj-JI ^^i^. (Acetomonas 
.dJLu_>J1 ^j^» 0^ ^—1! jJ^jtSjl jj-o 4j^jj%j Lo J i nSJj /^-Aj i^l^ll JU_uJl j^pajjuj 
1 11 ~>.al JLj-jJJJ t-I n 1 11 ILj (Jj>J! y 'nr> ^j^ 3jJljJL2jJI 42jjJaJI (jjSGj 
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birch twigs VjUJI jl .^.AI ,j_o rlj-ji J^Li- 7=-A>J o' rough wine .pi nm»ll 
i(J_j>JI Ljj-uSLi (j-o -^ ■"■■<- I j->-U . ..I jjic Lxj JLS (jl£ (_£jji.l 4_ujiii. jljjs jl 
i5JL«jJI 4j^jJLj (jL^ical tt <i i n"j . Sj <i"i i ii U iicjj_U (j-o pjj I ui h dlli (ji^.J 
fj I fl 3c a » i^j i"i a m£| a! JL^-**t i ui (jl£LaVI /^3j .pULJl (j_« .(J_>J| f-^>- (jS-4-SJ 

Li>. Orleans jJLJjjl (Ji. jl JLu-JI (Ji- • ' ■ aj (jl t^^Jj '■ J->JI <ic.Lu^> ^ 
.Cider jjuL^JI (j-o T-LilJI (Ji-j *>i^' (j-° J J* '"'^ (J^ ,* * ' -"J L«^ i JLuJJI (j-o 
• r-lj-jil ^^ jJ^JI W^r!-^ 1 JrS^- l£>**^ Ij^ j"1\ nl (j-a |>^S •^^-' tj' o^-^-LJ 
^ rt j ^ A rt j_lC 4_lLj_»-11 4_^^Jj-uJ)j£Ll« (_3 /]j i^LflUJl (jl Li£ 
4jJ1jco (jjL^VI ^ ^^ *LcljjJI (^ Siluge r-^lxuJI 4x.l ii^i 3jUr j 
(_J1 ^ljLLJI ^j>> 0-^11 ^jjjjj ^j ui t nLijIo z Ljj-uSj I g-i£ ^_*3_u cii-ijt_i t _ > pul i"i-»J1 
t3 Jj' l>* C - J J Lh J 3 13-^' J - '^"^ ' /Js Cjjl^j LoS-alUI ^j a *" 1 1 jj-o 3_i LJL 1 i la ^> 

LlJ ^ i c j j L«>i (jj_a! dJJi (jL£ tj'j ' M-' c~*^y ^*^* !>Lol£j Jjsl cjLsHIo 

^ La-SJLj (jia-j-j^l j_j_JJI (jl ^liLa <_2j|j_«_lL3 .(^.jI jJLlI ' • ■ ^\ »~ 1 1 t_sL»_i^>I 

3ji^>*^-a /j^Aj i(B » ) «Lc^_*u*-« jj-* j-loj E _& (j-\_a LLiJs) SjUJLC CjLLuaLILiJS 

I j_4> <j_a 3_<-jl jJLtl jljll oLcl_u^> 0-«J lilljjj .J-oLSL!l j q inVl jji»JI (j-3 
S-OJiia^M (_Jj!u ^j 4j JjL^I 2^1 :.^tl ^^ a \j A A 1 1 .jljj.1 dJJj (jls^jLJ (_^o- f J-^' 
£f\^u±£i\J\ ^j^- 1--J ' _JaJI ^^ j>Jq-"i i n" (_^J S^JJL>J,I «LuljL«JI M^LaJI Cjli 
^j) * j LaH ■ ■■ ) zj i^-JJij-^' tj-* ^ j'^ ^jL-ojVI (J-t-sa^tj ^-JLlaI ^j^-> »j» Lysine 
4j>.Liil (jSLol ji^j a I »utl ^J 4_^o j^ S^LUsI (j-o J-i ^La '^ . ..a.^ ^ » ' . aj 

Jt-Lflj L3J2 4JjjJa 5-aJLa-"i i nU sLiLmJI (jl . 4j jjjJI «IjjI (_^>-l (j-o Li£.Lu^5 
I j i ii ^ j i"i n jj-o «U-aL>* «U^ij_o ^_Aj-L^_i_a JLxlj ijt-lLxIiJl ty\£- (j^JJIJ^J- (j-* 

^ 1 a S -j L^sLi. LxjjjI (j^ (> inj^UI r-^Jl (jr^- J^i ^-Esherichia coli i^Vj^ 
( j\j_uj^L]l L^_La Jji^- 5 /^tJl ^^J^" ' 5^m » Ix^aj (jl * ^laj 1 ■■ 1 a ^j . *j fllajl t. Mini 

(J j 1 mi f, I c * i I j) dJLjJLj-a-J-j ^_i_j_al (_^o ^j^> 1 3* (, 1 n" /j-Aj 5j Mil— i_a 

o_4J ^j 'al U II 5J^ ,11 II ojut (jl jJj .diamino pimelic acid (DAP)jl Lala.VI 
Vlj =Lj_o »(j i"i (jjs L^J JU Vj) iji-u^j^Jl (j^s lU^'a (JjlaJI Ji^>-J ^ jjJLi^. 

(J_*5JLJ (j^J_UJ^UI (jjl V"i 1 ^yOUJ>iX\ (-KI1 LAJl^J>- (jL^ (^_<J-iJ1 (j^. Lai_4-1 CjJ^tC 
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aJ^UI j<ujjVI ,j^ 3j-j3j CjLui^^;,!^. ^jlrt^ Aerobacter aerogenes j-uojvj^I 
I jjfc 5-^-bj (*-" 5jcLL»^»JI 4_lLsj«JI u& liltjjj .(> uu^UI tjl\ <_l I J Jj^eil 
(_£ «L_La ^j^> 1 -»" ■■■',' ja-lj-izl aJo-1 i ii 1J i^h^oJ^lJl 3.}L_a-S (JJ-aj raJ * )J)j£LuJ 

3j»*2uL_a «l^t_uj Cj^Lv Ljj 2 ^-P^-^-I^tHJ^ - ** " "-^J J' ' ' a rt 4_lLj_»-11 £J_Aj 
jj La ll J^Li. I j ILl« a (j-a VjU Lj_uSLA! 4jjjj>JI - Lia-iSj 1 j<i^ ^jjs ->■ ) SToJ 

Elisabeth ,^iJjj oulj_JI Sjjj^jJI sQJjj (_£JJI (^j-uL-uVl i.StjII Sj-u'i 4_lUj«JI 
Jj-a^l (^ iririMi'^l ^pJ! (_j-aj o^xli ^ <L<j<-aL-»JI 3_<iSLJI w a ■'■" ■ ■■ " ^ work 

j—o-Hj La IjjLij . Lj^ j**iS i ll (_£ Ja-S-3 Jljs^qj ^JaJuJ CaAj rt ^j^-> i -»^ * ! I J 

.^t_J| 1 j_& /^i^. d * La ' £ *JJ ' a ' 4_u_oL_o2l 4_LaJ-«jl Cj^t_J1 

3ljliitl cjLLusLuiJI jus.1 Ascorbic lLLujjSL-u^I ^j^i^ j\ (G) r <>\-aLU3a 

JjLLaj (-1^. aJi^sHj-oj 3-Aj tiyja jLfuj! (jj-i Lu-uiJ ^jLaLi L^JjLu (^S-a-s /^' 
fj <LuL>JI ^j^>^*tl Cj2[L>. t-^Llj tiAJjlSj ij^paj-LI (j-* pLa-uijl I (J_jj?ejuU *-<-"lj 
Sorbitol ^JjILuj^ i nil ^Jt> ^-jLu c_tSj-a £jja [jl£. l_La ^J-i-S 3-Aj (' J.'J ^ ' ' O^J^ ) 
Oj-tb (_JJLj>.I ( _ ;r i SjLtl u^sj-xUlj . 3_J J Lo_lSLI I CjVa^e-jJI jj_a dl i ill i ii (J^Li. 

Acetobacter J-^J-il J j m^l i. ■ m jJl^Lij'i j ml ^ <> m" Lj_l1SLJ oljIajJI 
Lai ,3_jJljJ_H!I «Ll«jSLII ^^uj La-a ji^l (J^j-j Laj i n^jj ^pJI suboxydans 
Ltj>.jJj_i_ij^SLj_a «L>-LlJl (<CUi yiboflavin ^ji-^^Laj-jjjJI jl i2 t_i (j^-^LLii 
Lu-iful 3j_L«i. j I Eremothicum ashbyii ^Lxui! jaSLuj^jjjl 5>j-«i- aIjlJ-'u.iL 
3jL^tjJ.I CjLjVjJI jji.^1 t_ijj£LJi.l jjj ji^j . Ashbya gessypii ^gl j i uiiy>. 
j! 12 i_l jj-\-aLLj£ Lalj . 1957 aLc iJ JS jj^3^l^4jjjj I ,2^3 (Ji=J ' aJ] 4jLsjljjLi 
tj-S u niL-ut j j'a-J.^Atl 4jI ju (^ cGjii^L (_g jdl- Cobalamide jlusVLj^ 
jLi£ ,j-a J-t^sVl (^ (<u jl2 4_i^5^Lk^ul (jl^ I jlj .SiLujJI LuijuVl r^Lc 

^^ d i lUj iCjLjj£LlLI a\ JLa-"i iiL ''-^^a (jVI » ' i aaJ =LiLa 4j>-jLLaJI (jl^pJI 

4j*.LjI Jjljcj (jl^jjJI ljJjJ 3^1uiLlLa 5^LU3^ iULutl^l (jSLIj iJJS (_JaJI 

i."n i n iLa^Llj**! i ii II jj-a i j£ L^-LLa cL>-Lu| ^—5 aJL^-**i i iiI JL^J . Lt_)j-a ^jLtHjl 
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Bacillus a^jj_lj Ltjj u .1 1 j < "Li Ljj_uSLij S.olivaceus. ^j"j j '" J 'V* jl •<_>" 
^yfl j_«Jtl!l CjLlLcx. (^a 2»tl i^aJI Lj^-uSLJI jl I'lj.i-^ j jk jlsj megaterium 
jkSQj jlsj i 12 j\_«LLia j_« ^ <i V i^-> CjLuii » ' i aj (*_jL_oJ1 j ' aAJiJ ^jL>J,1 

. 4J j J ' a rt ^j^^-j* ^a_& ^jL^J,! j_« j\_«LLL(iJl I JLA ( _^a^lS-'*K nl jl 4_]L$_Ltl ^—3 
jJa_« J-Aj i4_j^_LL1 Ljj j**<N i Hj 3j-uj_>J1 pi^-il ^J^* ' /^ tlf\JJjLSj1 Jo*jjj 
LI i njS^Li j La3 5jml i ii <i 1 JjjIj^JI ^^ Lt£,l iir-> cL>-LlJl j<Clj Lai 1 1 j-< aU-iAJ 
^^j-Ergosterol Jjj j" < "_aa».j.iVI *^La J^-jjj . Blakeslea trisporaljj j i imj3 
Lj£.l_u^a j UuaJll I JUfc (J^ »"i i J *£a LL jS'-lj iSj-ua-JJl /j3 . J> j-l aQ-LiU 4jjjJ3 

• j^cP- 

i."."i jj! ^^Jl gibberellinscil i j 1 1 jj < xaJI aLHII I jut ^^a j^il jl t;r JLujj 

«L>- JLSa. (^j-^JI ( _ ;r l«ILl 3_ol JLC. Jjljjs C. iint L#jl ( _ ;r l£. 3x.ljjJI (^ l^loj^l 
CjLLlLLj jjjj>JIj Sjj 2I ' • j "->_' 'J^j La3 (_p3j_L Cj| jj 1 11 o 1 ? J-i^> 2I (_y3 L^al uiJal 
I aj a N j ^.^q-j-3^t-J-jj^-^>. d <a i nlj Cil tilt q^j^jQ j\_jl-o j la.9 L&jj-dj _}l^o-« 
CjLjLjJI ^ylz. CjLJjjsj^JI (JjlS d j mij (JjlS jIjJLI oJigJj . Gibberella fujikuroi 
CjljjLjjl Cj^a_a t. i 1 i n" /^-Aj i LaLj^L>. aI 1 "^ )l a i_Aj_4-i «Lcj-*_u j_« ^-^3"^ ■* 

Cil inljj uje It ■- j->- ' eaJI ^ j 1 q»**( 1 11 2 1 jl 21 1 . uLajLua J-J-*-> oS^JJ ^—A 1 j)l L*jj_<_u 

j^ <i \ tl S^IlB ^aldj jlj jj i^->L>J,1 CjLjLu ^a_4-i Cj z Jjt_a j_a .Jlj^j jt jS_4-i 

(^a plj_<^IV jJLj-ljjJLi 4jJL«II (.-■->- ji^i! L«^ ilj^>- /oJLkj ^..UlU.tl ^ 

. Ljj_2j ^_4->-i raJL>Jl ^J3 4jjLi 4jc>J1 4x.l_U^2 cLui O-LoHl 1 4_lLjX. 

dJjj'n 1 11 tl jj^AscJs . f.\ jJlII /7L1JJ ( _ ;r 3 3jsLt mJj^s-I «Lu jj£Luj cj L*Illo tiJLijt 

(ga i 1 ntl r-LoVI j JLdjj icbjLijI Cju^ i 11 tl 4^,1 i i<t ^^^ «LuLa CjLuiSL] a JUs-**i i n 1 
. SjLajJil CjLVaJI (^ (JIaj J5jJ-« I 00 (^i^- JJJJ L*J ^j^-1 >JI I JUfc j-a ^LjJ! 
Aspergillus niger j-x^j (j"ttj>j.""l jJaa j_uG JivLi- 3-uiSLtl ojufc J^ /tlujj 

i4jj_<jJLi 4joL>.l CjLcLu^aJI J^\ j-o djjj'n i nil ^j^-t- 5x. I i i k-i j .j*C i ntl (ji^. 
7-1 i ntl /^i^. J-altJU cLu_uL_u2l Sj^Lotl j5Jj i L^i_j_t-au2j /^i^. j j l^^J I ' i * ' a j J 
7-^L_al ^^ I c (Ca **' a I j N i ntl j_a jfl L^jfcjq ty±£- ^-4_lJLj j la all 5) j ■ eaj>J 

j\ i n tl «_ujj>- j^tILi£ i3j)JL»_a ^-^a JUX. d"i i^j-a^- «L>.jJ) Ja-u eaj J . <^_t_L»_a 

LJJ J "i N It 1 ^j^-> 0^- jt 1_0 .3j)JJL»_a (*Ljl (Jj*L>* tlJU-J^'*M 1 ntl ^j^» a^. ^—Jl Luj-jj 

ic:Lu^5 ^ cIjVLojiI^I 4J-Jja ja jrdJI j-«ie3 ^ ^LtajiL^s (^ jJI-(dlujitl) 
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£yA 4_j_Lc ^J j ' a >i ' I (jA_4-s j^i >JI 1 JLA ^jl /^i^. * LlcsjI 4jjLiJl CiLij^ iiill 
Lactobacillus (.gljli" (j "I i nLijIiS'V aI jLa-lmlj iaL>. S.jLaS' (j^-LII jjjj-Ju j-aiej 
^ .ili .iLj^V ,jjj l£>*"' cjV^Li-u aI jLa-'u ..I (jSLxj L<S . j_«itl!! i_jjij£Ll«£' casei 
^j„UIU ,tl j£"K i ..j 3j jdl jCii J!lo i^j^i-I aL>. .slj-a . t;T l£. CjJi^ Lactobacillus 
Laj-Liiujo (jSLxj (_£>*• ' S^La glutamic ilLLaLjyL>JI ^j^i^j 2<~ I '..^.ll j_& (^ 

I j" gS ' (j-o (j i nT-'it 4Joj^>J,l 4j JLC. 2! ^1 SjLLI oJUt i_3LUajj CjLiji^SLlU (j-o 
CjLoLjjJjv jl sodium-half-glutamate ,^j_' 'j ' ^ H CjLaLjj_L>- 1 a_LaJ S^LiS") 
«5_ijj ui tl» (jJl > al ■>»* (jH-!l monosodium glutamate 3_j^L>.^I a^j \j ,^ II 

.£ CjLjj-La-oJI ^j^->* 'J Ljj-uSLJI jj-a J-jUJ a! JL^-"i i nl J^S-4-lJ . (^Lus ^ AA-^I I 

3ju*iI,I djLVjJI ^ Lyjjj/ 3^1^* mil oLu»SL!l i. ilrl (jSLIj iS^UI ^jla r-LiJl 

. (t^gjS 1 nil jJc-Lill ^j (jjLu (J-»-al <j-« CjJlj La (Jiaj QajLo I 5 ^^e-i (j-Aj 
"J - ' ' a "** I J *' Ji-i-JI (J-jiLfl-i ( _ ;r ^ Cj Li j|j_SL<JU 4 j <i ffil 4 l^oal oJLA 7c_u3jj 
Jl-q-Ijj Llo.} Loj . 4_u-uL-u2l <tcljjjl CjLlLsX. ( _ ;r 3 dUi (j-o jo-Alj 1 4H£. I i i aj 

L_t_jj-iLj LULjjJlj i <_]1^>- j*_u3j>. i J& xJLJI ^sJJl I jla /^i^. CjLjj)j£LlII (yl^. 

^^pujtj jcj (j1^_j_>J1j CjLuJI (JjLlJ ^^ cy '***" " ^ ^-^-'jj-^' d^ (■? ■ ^~**' ' ^r I JLila 

jlsj . LaLx-i JU-^j " (Jlj-" 4-iSLIj ,_5jsj>.I (JIJj^JI jjlu jlsj S cjLjij£LlL! (_ji^. 

-n la£ I jj-* Sjjvlj 3j-uj_>J1 ^jl . 4-djq3fcjq c-*-uL_uLj SjUJLC Cjlj-a ^jjj-uSJl 4JLj_o 

l_S (j^-^l-J-J-^ 3X.JJ1J*J5 (j-O CjLLloLLi^J (j-GjjJ-iJLj 4_LiC (j-^ LfHH' JulII -ilj-U 

CjLcI i i^-> ^j-b 5) j ->J| CjLiLij ^jl I o ^~^JJ &i ' Jl (j-« ^Jj^* rt ' u-*^aJ I ^j a J 
^Luj-iJI .i^LJI i. i If I ( _ ;r 3 JlC.1 i no »l Jj»$ aJL^'i i n"j ( j}'j-<- u ^n (^ 7-j-laj j-loJcTJ I 
(-J3 ^j^>^ *'l 4-iAI Lgaj 21 (^-Ujij-JI j—5 ^j^>^ *'l ^jl . 4-djlifcjq 4jjL>tj »1 o i nt 0->»J 
4_^3j_«iJI 4_lSj^3| Jilo («JL«JI (j-a SjUJLC ?ljj>.| ^^ (_^jj>.| 4jjI JLC. jlj^s 4jI 
I jj' 1 ^ (jlS i ntl i. i If I J ' "* °cja (^yl i a 1 1 a Ij i njijjulj J-L^JIj jj^LLI (j-o «ljj>-lj 
-i ^ iS Ij i J j aaJL I (^J^l JL>JI t_ijL2j 4jjljjLjjtjj^£LII jljJLl (j^j ' . 'J'^ ' c^ 
^J^/l JL>JI J-Aj (>ujj_i AjjjI (jlf -> I » U 1 1 ^jjs 5jUI ^ I 6 (jlf (jj 1 1 a 3ej V 

^AJJJ-UI /^ ^j ^> 5 ' 1 1 I J_A SLLsj ' ^J^""" » J ' " 'J * (»/y '■"'! ^J^* > L^' ' 'J ' ^ > 

ojla (j,^- j-*l!Li 3j_uiiJI JiLo ^ *±°> 'II cjl_cSl£Li! 7-1 n i nil ^jjt LdJi Jjj i .I ^j^ 
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3_Jux. -i j -i i ->* <LuL<JI 3_lLL«JI <_jjj»JI J!>L>. j<u jlsj .3_uljj_u»^jj£LII jljJ.1 

. Sj n* mil icljjjl <j-a 4jjIjlj 5_lUjj dilij (jjVjII <j-a . (Candida utilis 
(^lll iJIsLx-ial i.'m nl JLSj • j-a->JU (aJ*JJ! -i«^_' d j i ~n i. mU p»U r-LlJ^L! jlSj 
(_£ (jS_a-s 3j»j_a->JI jl *La-l i nil Cjl^a-aJlj d j ■ la 1 1 Cj^t-ul (j_oljs_a \-$jl£ i-iljLilo 

. «l JjJI (^ aj^LII (^^jJ! (j-Gjj-i!! 1. 1 If Li (_gjL«JI jl i niVI -Sji>J (jl 3 S-lSjkJI 

JJLu Cli-iJtJ * ) CjLu-aLLjjlJ 1 JL>. ' ; Lj-tC 3j-a->J1 jl /^-Aj d IN mi a i_llLL& OuISj 

. <3_o*jJI jj_a G\ j iS gj i i hi OJlLa 3j-uj_>J1 jl ^J £j\ u aUUAII S^Ljj (j-* j la >i 1 1 
Jju j! JLuj^j ( _ ;r 3 («-J^I ^* u-a a jl (_^>- 7"La_<JI 4-«JL] CjljLpi.VI Ouli JLSj 

a! JL^-**< ( nl (C-l JL9j .^S I nil clC 1 '< < f^i CjuLdJ jj_a 5>J-ft'>n .^ J ^ ' ^ ""** * O"^ ' 

i_lJL»JI l_Ltl_a (j-S-Ij i^j^LLIj j-L^IIj 4jSj^iJI 5j2j^al ^ 2L*llU 3^UI 

^j-u (^ylo- LjJI o *~ i nl j I ihmV 4JjL* 5-ajLiLa Cjj^Ja JiiS d K i"ill (j-a j^LvujV I 
a ) 5 a ' a j II dial jjx. ^l_]2l -n la * rt l_2jjlj Li£j .p^_>J1 ^-jLju (JlJi < ij)* mil 

La jJjLJj jj«a jL^ij 2I j-a-u J^ c^ (Lai ajul (^5^1 (j-a ^? j" +" j^ojlIJIj fiLoJ 2I 

l_J-J-2 (j_o Ja A-»~tl <_ , 1 1 ,h ^1 . Utl Sj.jjji. r-LlJl 4-LaJ. CjjLjjI Jl9j . 4J TigxtaJ 
CjJLs. jJLa .^jji.1 *L#>. (j-o ^ Laj i uJ 3j 'I LeiUS) i_jLj-u2j ''-d^ (j-° (j^^lfl~ i mU 
i_a_L<3j 4_al i ii a SjLLI oJUt j ) i a a (j-C Jt ij (jl£ (j-^jjij-jJI (^i^- i_JiaJI (jl 
aJ 1" i ii " 4-jXa-c i_i_iJLSLl Ij_h3JU jl (j-o J-^' jj'CI^" i ii U jli Lai ij«JL«JI 
a! JLa-**n nl (j\^r"i (all 4_u_u_uu j^^j*l ^j-* 7c-»-^a la ai ) dlul d la i ■■j" ^ Lo^^aJtSjJ 
j la-ual Jl^Jj . L_ljL^_) «L_La ^j^> 1 "^" II (-j-^>-jl lO— ^"' CjVLt^ ^-^ (JjjzjJLI 
t a LaJaJ I 3j-j_ajv (—11 CjLajJ 21 1 (—11 CjI m" i nil ^—5 ^jj>.I 3j-x j^a_o^a^a T »Jj) j >^>_»-ti 
x_<j/IjJI (j-a-fljJI (^i^. (_LJj-!l -^^-^J («JL«JI jLSLj/ ^ S^Ljj-U <btjlj£ dil jj 
aL> V~i hiV £jj i"i a 4_uLLaj^jJI Jj^ILjl 4Sj_»i i^J-Ij •(j^jj-'' cr^ jl mi'iVI 
Jal ini nl (^ 4^j_JaJI aJJb O^e-30 Jl^J .Sj_La->JI <icljj ^°i (Jj^pjJI CjLj^SLa 
a^\ ~y"( i uja . ?LLI (—5 aL>JI (J^jILJI jj_a t. <!->-**( i n a ^—5 ^a-a-tJ d fl '**'"*■ rt Cj 2i^Lj_u 
-(JjjIUJI pjj (j-^><-i ^-SI^JI (_j-3 (_j-4j iJjijILJI ( _ ;r 3 g|j» a i"itl CjLjjSHI 3j_uiJJI 
-dJJi ,j^. \l ,'^'a-2 j. ^ ,^,11 jljll o^l^ Uj . ^ij^j^-jjsJJI Jjtj ■ alielij (_g JJI 
4_o*u jj-a jji^l (jjj^a-ll jilS t ii (j_a ^j^->^ III (-1^. ty&£ ^^-^ ^— ) L^3i>^JJ ti Ti-^ 
L_uj-Sj 4_LaSJ1 i d * ■ <a (^1^. y a Mill ;J^J tj-a jL_uj VI ^J i ^"^ ) (Jlt-irtj jaJj^Jl 
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jqjlLs 4J ^ljLlJI jl jJ^ JL9j . >S i nil jlaj j-a I Jj'^ J ' ^ , "» I (-H-^ ^hj-* 1 -*^' (j-* 
a JL^J ^r \l ,^",aVI (jjL-uVl j . 5_cSU-« /ojdaJI I JL& 3-!!jl j£-!j i4jj£LII JjjILJI 
icLu^s (^ Liiajl Jl£.Lcuj Li^Jj^lill j-^ ' ""*«-' ( -5 -S JlC.L_uj L#J2 jaSL>.I 4-lUj<JI 
j-< NK-i-llI f^r^-j j-Aj-Champagnat (LlJLj_oLJu jjJI^jJ! jji2jj . j-Gjj-JI 

J J ' a "** ' C^! f*-^-*-" t9^ ijj>^' ?T^! (j-° ^5^*1 Cr^ 3 <U-mJ Jjjjo j|-4-lU-«D 
4-^ Ml JU£,J .(QjLtJl (-J3 j-Gjij-aJI j J ' ea rt ' fl^LlcaJ jl J^SLo-i a LlLaj I 3j-j_$j>. 
1 JL&J ' /- * j ' La ) I jLiJI j_« j-Gjij-jJl (J^. ^J J LtajcU 4-i\ i iia pJ)j-*ItA jj)^" '>' j-^" 
Ljj-u£_tU 4^-gc-iiaJI «Lc1jjJl ^—b 4-al JL^-**< < ul » .u gall i ■■ * <jLi_iJtt_] jLLul j-A jLiJI 
j| ^| n i iiS jl (jljj-r-lt ^Luia^ 4jl3Lj j^^j (jl jSL<-! (jr^'j tjl'ijilt 3 J i nSJ.ll 
Seymour jIILt jjajUj/ jjj^jJI 7-j^SI Lo" jl ...Alt .i<~l ,„« ->I»U< .^-.-w 

Ijijjjjj^il 3^ . utl pj!j-LI (^ «! j-i£ Ljj_uSLJI oJla J!lo aI jJcILml Hunter 
a I «-Lj j_a 4_L«JI JlJ_}-i lLLLLij idJLu-u^LI «l JLC. I j 1 1 J 5j ^LilLi jSLxj (.^J'j 

. jLi^ij^LI x_iu_u ^jjLj-ila ^—Lujij-] 
j-G_2_>_jJI ?tLxjI jl a! «-La£ 3j_j_«_>JI dil i 'i~( nV Cj Lc jij_<iJk I ojut (JfLoj 
4_uLiJ jIj^j j>jq-"i i n" L^JI jl yc L (_L>. 2I 3j_li^3 cjI«Ijj>-I j^yjt Lx-il (_gj_uSLiII 

j-a-3.}JJL»-a LjoljtB i jLLul jLc. jl <J_2>-Ll]I jlLa «bj-ix ^1^_a jl jjjj 2^11 jILa 
- La aJul Jijlj-a (j'~>-^*' ' '-'L^. j-a-*sU 1 Lu! jqj ijoJljul ^J& j\ 1 nil r"LuL)-< uLv 

CjL>-L>. J 1 n I (^^^1 (j^S ^<-<-ulj 3" aJ Lr^ <^\-2e]d\ Cj\ in 1 ul CjLcjj_«Iia 
jUii'ilj (^ ^ya-ujL^ Jj» Lgjj/j.} Jl^j iJj^iaJI ^JlLI (^i^- (_p=>j2l jLCjj/ 
i^.tl->Utlj .dil m inq^Jt ^ o^y cr^ Tokagawa IjL>.1£jj J^jcoj Carnegie 
(jug Mill »ji>i Ajj-"n.i" Scenedesmus ( jjjjjjjj Jl t!-4 j - u J Chlorella ^LLjj^K Jli-ol 

(j-4j .CjLjLjJJI (J^e-o (J^tj liili Cr^ C - *-? il-^j! jl£. (^ j^jj£LII Jj i n^l (_^JLij 

I j~ 1 j ^ jl («JJ 1 Lg-j-Lc j»Ll2JI j 1 .1-*. I lil jLjSLa Js (_y3 4 <i a 1 'r-> cj^Lc /tlJ3 

jL^ jlj 4jLoL^ SjLcLtuJl 4j JLC. I L^j I (_gl iSjUJLC 7"lj-l j-o 3jJ-«->iJI 't-*^ (JjL«-! 
dK ulII jl . LtJL>-J 4jLaL^ d±llxL[£-^>.jJi I 1J a -^ ^1-lSj jl L^oJLflj jj jL^uVI 
jjLLaJ (^i^. Igjtl r^><J (jj^II ^JJ^t!^' 5_ul JjJI jljll J^ (^Ic j j La ~ !^jl\ 
Lo Lj!u£ \l . ^.^.j L^jvLljV Lj 1 1 11 1 4-ajloILa Li^-aJ^_iSJ < ■ 1 Lajj L^jI ^—Jt *_i_«'^ 

(-1^- Sj^L^ j2[1 j^>. oJlj La Lo^jJ^a-tSHJl i>JLA jILc_) jLLalij i^\ CjLt-aZL^JLI jl 
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CjL^jJJJ (j I /j-Aj 4«LLa_u_uj 4_u_oL_o 2l d IS. mil jl ^Jj^* rt JL>. ^—11 d iqla «U Jjlj 
d j i ii i-i 3jij-a 4jJLC.I (_yA Lx-il i_jljlj_Uaj*JI jl A^itill jl i_j^jj>JL£ 4jX.ljj.JI 
L&j_i£.j ^Ujj^li pj|j-oj 'Lh!-*-^' Pj'j-° 0"^ 'J J ' '-~ >a ^ • L#>-1jjI JJX. 2 la S « a 
Li£ . «La (^LjJIj ' Jj ir-i-sll ,j-a 4jUI ^^ Jjvlj jj_a Jjjl d j i ,n lJ! \£. (_£jjj»o 

. .Itv." ^pjl ^jt j_uipJ! jl ijij^j-L! jj-LaJI j! t^u-uj^JLi *UI liilj SJIjl <j^ 

._fl> jLL-uVl u ua. JJ3J . SJsLLaJI i'II^I in"j 3 AKa 5_lUx. iJ JLJ ■ l_L»-jJjJSiJI 
^Ujj^KJI c>3aj_] r^! 3 a K* o^ ^^ 6-° pAP' er^- *^' H.Tamiya LloLj 
-i « La (_y^ (_yu^e_j <_iJjLS_II (jLs lilj .<ji_L!l Lf^jLh 1 7r^-"S ^ iiK~ oJb <j£. i_)-2j 
jjHi jJ! (jLa 4jLlAj>. SjJsj *-o y'Ul '"■ " »l p* . sj£.xj, Lo-<iJ3jj u . i h"».-^Ujj^1S1!1 

j j| La fl (j-o Cj^LSI ' a <^j jjjj i3j_j jj I j I «a. ^LSLoVI ^^ (jl (OJ^JJ LlaL] 
4_L>.^a_tSJlJ1 4_l>.LJ1 (j_a (juLdl (jSJ . jqjjS (j_uj 2 1 ^-lo^ OjjS i u tllj ^iijj^aSJI 
(j-fliljJ! OJSjJI ^yfl I j" 1 "^"- (jl L« ' LoJ-2j w i^aVI Jjj.tiJI ^^jj ja^al jjSI (_j-A 

(^ (jK iii tl SjLjJ (j-o (0-c.jJLi dilij ^Ujj^KJI 3jcI m^ *Lp.l (j^j'iim* V 
j mim 4jjx,| JLox.^1 JL>-j J-Jx. ^3-iJ1 diLijj£LLl,l jj-jj V jLSj . 5JjjJI 4>jut 
cjjLi^s jJsj .t_ij_>JI ^jJI cjL>J VIj (jjjLJI ALtJal (jjs jj V (jSLIj iTcjjJLi 

(jl (J-J-3 (j-oj *"* ' "° L^-*Jj 'D'^tP^' ^'-^' Cr^ ^JJ-" J-^ 5 '-'^- < — '^Jj^r!-^' 
.(jjjLJI 4jsLc 4jJLC.I ^yfl Vjj^o Ljj.aj CjLijj£LlLI ■» i i aaj 

LjJjLLj (^a 5_ol jJI (^Jl (Jj-oI 5-2-il in II 3Ji>LlII Jji^-^H j^a Li^ Jl2J 

»1 o UI1 l^jjLu ' "^ l_LtJtjj i LajeJ gaa Lulaj-a ^—3 l_Ajj^ l_Li^t_)j . Cj uj)j£LuuJ 
5 1— i-La-> J3-«I J-jS'lUlLi tfJUtj .4jj_<Iuj 4_!^G Lj-iB I j~ j i it I J I i . ..AJ LUiiis 
(-JI jG_4_) mj^ i ii ill (j n '(■>- II Cjujj^LuI 4_uj_fl>l (jSJ . Sj-to/Lus l_La JL>-1j ^Ji j«^j 
CjIjLH£.VI 4_i (j^-JJ L<-« I'i vl Liagalj ( _ ;r £.L4i>.'zl LcojSjj (^3 j_uS_i j i** I mJJ-o 
L^Ha^icj CjLjj^SLlLI 5Jl i no sLJLlII 4j^l!iJI JU^aAJl ^a C.fn i_3jjj/J . 4 t lo^ t JI 

j^a I j * j 1 a I (Jjl i"ii uj liiJj^JJj (jjj-II jIj^^Li I j~ a\l c jj^s Vju «_«j->>J,Li 

. Lg-Lo (_^taiJeHilj I j *jjj"j ^-yj^-JJ CjLsHILI 4cl iir^ ( _ ;r 3 w ^ I *'^H r-LliVI 
I i i^l i**i )l (jSJj i3j-a Jjlj 3j-a ^l JjuIj d se < all Cj Lc j_Ua j_a * xlajl ) j ^laj i --j 
^yjJI 2 j vl <^~ 3 j?| 4JSHI ,_ ;T i^. CjLijj£LlLI j-jjLj (j-l^ 3 i ujjj 4-j-c^aj jSj'^i , a 

, *-&l>iX\ ^Lixj ^J AC" 
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4jJLC.>U ax liaJI ^LsJI r-LjjVI (j-o r«-C.j-!l fj^- 

4_j^_j_>JI Cjljl ■'-- 1 1 j "j 1 5e "■ 1 1 Cjl_ij|j_Ju_Uj 

iCjLjj|j_SL<_U (J^Ls. (j-o CjLjjLijSLIIj pi L^aLLullla 

.(j-1 < i nil (j-U^La Juja LAjLsoI 
(j^o tt j ,^\ jjsj i3JaLtaJI i^ll^" in* "Lclliall jl 
^g^"i i n a J^C j-a-*-s £)] pLilo* z I (oi£. ^-3 A^J-JI *_iLifaJl 

(jK 1. ill (j-o Jj-i!l '^N j~""l Jjijiaj <Lo^/l (^ ajl21!I 
jj_o <_<-JL>. J£ ^ SJsLUJI (jJI r^*J LlJt . "^Uail 

/^>* ^j uJqI La ul J) I 1 11 (j-a UjL) ' d j*~ Lu^aJI "j I 1 ga >i 1 1 

7-L>JI I '1 * j '■■-'jj Computer (jJ VI ■ ■ •■■! >JI Jj« A" 

4-uUI SJsLLaJI *l JL^L-J djVbca ^ SLujLJI JjjlII 
(-Io^j . till]} ^sjj t^3-^Jl '"" Luc rt j •" 'J j ^^rr^-^ 

2 j 1 1 c ~ , ,^j-,-,l ;<ll ^ jlj-"i , ,ij LLL^- S I JJLII r-LlJl 

J^j-j^IUJI «l jjJI (j^SJ (j' L»^ i&sLLJJ 3<l < j"n,ia 
^j-a ^t_j f^l^ ^J!L4_i-(j_u_«L>JI fJ-L^aAj| ^-JS tfj^ii (j-u-u 

.jsJLjJI (^a "JsLLJI u ^*;l 2-^Li. cjVL* is L*jV| 

Lt_g-~i_-^_a (Jj-*-J L)' I AJ*^-J 4loL«JI (_£JU}U jjSLx-lj 
Cj Ljl^iIIj^J, I JUijjlj Lo (jLcj-L^j d>^J 1 1 j j » 1 ^i Lx£,ljj 

oj-gj dJj^>J,l .ijJsjJI (j-Lc j«Jj (j-oj iCjLcSLLI t;r l£. 
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.(_cLa_L>. 2 1 rft^Ia ujI J 5 ***" LaJUX. C'LAJJ 
4j»JLJI 2_uj^SL!| 2JaLLaJI ^Jt ^^Jl fJL: ^ 2alUlt A,, tl yjl\ j^li^U (jl 

,U A'.tlj . j j U 1 1 jLiJIj .o^till^ CjLjjjL>JI (j-a JijJSjJIj £|_ljLJLI 2j3LLaJI (j-o 
(■ i ul>J\£ SjJLjioiaJI Jlljll Jj^elJ 2alUlt jJ)L-3-U ojut 2<- I ;,^tl ^ jir" , ,,'ij 
(j_a «L*_3l_] CjL^_i_La (—11 l_A^fc_)J (jJ)L*JJ CjLaL>-J *i^fcjiJ1 (j I j la 9 CjL^j_Laj 
i—iSjJk! (^^c 2Ja jjl jLILi L^-jt ir-» Ij_j^-2j aJLoj (jl (jSLajj . 2 j \l , ^"aVI 4_p.LJI 

^Js* c^jjlj>JI ajl2i!I g. j i ^j^ .^LvLlI.1 2JsLkJI |_JjLi3 lj>l (^lUJ! ^.sLi^sisVI 

^1 SJhVI ^JJ _^ Ju Vj iJjn'inU (^3 J^Vl (^JJ ^£.J^ lj_al 3-Jj JJ! 32LUJI 
(jl~?t <Xlj ^_A I o S-« j k»**' ■ ■■ 1 2l LIS I j)lj . Sj-t-^sLtll CjL_uLu_aJI 4_J L$la_j_>»j 
(jl (jyij-y (jJi J-J-o liJLufc (jLfl i4_lLL«JI d^LlaJI j \l ,^\ « Jji^Lflj ( _ ;r 3 Lufc (Ji. JJ 

2 *l La I I 2<l < j~i,,iaj <j-«itl 3_JLc. 2-j1*c 3j>UI Jj^jJ (jl J-& Jj^/I TjLjJLl 
(jl I ijlr (jl£LI j^e_JI (j-o TtiLI (_^i^. J J ' -*> **■ II Lj-ijl 3^ I Laj i ■■_' ^liLo I— Ij LtaJLlj 
(J_lLd-o ^—3 *LL1 (j_a LljjJlJ Laljj>- 32 j-zs—lj (jl (_£j»j>.I SjLulj jl £l_U J^t-t-i 
ilJLA » LctaJ ' "^ (jVl fQ-^JLi (j-a (j-u_uj .TtAII (j_a JL>.1j ^Ijp" Ly^- J J ' a "*" 
(J j 1 "y" II (J_i_a d a JL<L!Lq 4_lLjju jl (j n a i"i|I 3jIjj>. a! JL^-**k hLj jl (.UtLj (jl 
^j a I sc "■ t 1 ( _ ;r 3 =Lal Jiitjjj/I u* \ n 2^LLaJ| ^-^.a Ij-uS lj^9 (j' (">-^^ ' w'J gSJl 
i2_aL>JI 7tJ>I! jl (j"« Mitl 3j|>^- 3j>^» 4^UaJI i^jjiej! Ijlj .*U! dili (j^a 
^"LtlJI (J^. £>~' J ' »a3e ) (-r*- 5 * ^i^ 3 "^J (3j *" ' " j V^* I Cj^-3 d ' ^»^J C^JlS 
r-LljJI I JUt (j^ lj-f^ 'j^ (jLjuVI J)ljl jjj . Sj j i i ^ CjLuiSLi 4JJJCJ (_gJJ! 
^ J * J Lia d j se 1 a i. < i "'JIJ JLse-J (jl j^^j'l (jl^-I ^J-°' (j-° *u^tC (_5 (jl^J 
i L^jJI r-Lbej Cj^p- (jJI CjLjjjiJI (^^ I ^t-J L^vIjl^" i ill ( _ ;r 3 2J3LLaJI Jj a ijj 
*(_jHj (Ji (j_a I o^'^^ Ij^-^ ^^LH l^^* ^ a JLdlX I i - * ' j I ■ ea >i 1 1 (jl (_^jJ_JI (j-aj 
jjl^ Sj£j-a aL>JI SjiUI aI jiel^la di!j) (^Icj . 42X$ 2Jj^c ^ di!j)j i Lj^2j 
2 al U tl l_ij_Lc: c^Jl^^Ij . ajjuJI 4j*.j (^Jk: 2alUlt |j)|,^,"^| j!&\ (jLSLa^l 

jujijJIji 2^1 ; .* tl ^^ ^L>JI j)ljJ.I Jji rlj-i«^-"l I ;»U~.,,.V jj^jo. j^ib 

d A A "wt I j si . ^ 1 1 ^j_a \j^>- p \ th$ a^_j_)Ij^_jj1j Gjj jS llj (J£LujIj (JjjL^JJIj 
(jjj JijJUv j_iij 42LLJI dJLUJ V USLtj .2_,j_Jlj 2jj>L«JI j^kj-aJlj jbtJ^ 

SjLjlj Ijuil ,j£. j^jlJ (jl dilj) (_;,!£. «Lb (jSLajj .(jji!l I jut (^ liilj^ LgSLLaJ 
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jo^>.l_Loj I ^j LtaJ la Ojj-AJI t. < < "'Jlj^ 5^Sj-a (*L>. -il^-s «bl jl »Jj^ '^ ^jj>.1 
^1 Lb (j j~ '_' I JL&j iSj^jJJ aLJJI ^Ijll (j-a sLui^l /tj-u <lc ^ ' cajl (_y^J 

La^tjj ojj-jSLIIj (jjjLaJJIj jujl>JI£ jIjJJ (J I m"n J /j-jLjj (jl .^LU! I jlJJ 

s\Ji ^ c 1 '< ■ a 1 1 0i_>u1 jl ^t i I ^ dgAsej jc3 (j-«J ijo-JLtJl ^L^t_ii (_£ I ^ *jjj" ty& 

*.*" i "a- n l_3^j_uJ . L^Ji g*" < ii 2i «L»_uj 4jLiitt_a L^jjLseja Sj^JJ .Sl^JJ (JjLuj jl ^_& 

.4_lLj (_gjJI_J J L^All \jjt lJ £ (JjIjLjII (jjj-^l SJljJi^. 3i!lal 

Sjljjlc 3j_t-ajl_j (j;^ i ii ill (j_u_L>Jl dojij jl9-ajJLJ1 ^-Js ^ ^~" ' " ^^^-^^tH** 
t-jl^j*j CjLjj|j_SLj_U ' " i La j " j I JLSj <Lc.Lu.aJ I ^^ S-aLgJI jljJil jj-o 3j^j_o 
j_uS t. i i i^JJ jj£. 4J^ tina O-lLS Li£ iCjLJj-(L>J1 -S^3j jj-« tlA-i-J' JJ (j-s 4_al_A 
4_l>.^j^_ij>J I L^^^JJJJ^SLJLI (jl ' "' (J-*LS p^_u3j_a /jj-4-l Jl9a . 4_aL^J1 jjLtJJ jj-« 

jijJsjJI -SjIj-a (Jj>£-j u-3 ^Ljij_SLlU jjj 3-<-u!j.j JjLuj geo-microbiology 

, U -. \l .j , J ,-^Atl | J_A (j-o (Jj^l I 4 j-?^' Cr^ pJ-^J-U I J-A i.Stiii ii j . j.}LtJklj 
LuLvLstJ A^jJi LjJjjj^j (_£ ■"■ o j i ■■! Jl9 ^ '( i nil (j-U^La J_La CjLiJ^£LJj ji ' "^ 

.^j^^^Jj-ljjj-SLjJLI Ja 1 i ii m 1 (j_« Cil i im /jy^Ji j-iLtJJ <■"< t"t Gjj tS 1 1 (J-*Jj 

i.ii i nt liJLpj^jSLII jjA^j. Lu^2j 3ji^>.jJLI dj i ih'ij-!! diLcLL^aJI Ji dJI^" i n~j 

4->JIjlaj ^Ljj^SLJLi si^LLaJlj (j^Liil (J?'^> ^^ aJLscxmJ (jia-»>JI I JL^ . jj>.V jl 
plj_j| J^ 5-g.l i ir^ij 3-j-C.ljjJI '"'I j-LaJJLl j j i a -«■" j 2 j^ I ' .* tl i_al_J^I 
(0_L»J 4_uJLnil CjLoLjJI r-ljj>-" i hIj 4jjVj_li^iJI ■ !i\j ■'---*■'■ ..t |j CjLjjLijSLII 
J^LJI jj^ jij (^ dJLuj^ jSJ I ^j^ -i^ (jlr (^jill i_iiLaJI (jl JjS Jl^j . Ijl>. 
dJLpjj-jSJl ^j^-> o^>- d c I LuaJ gLoj^Ja ^ i u itj » j* t qui] ^—5 I j**'^-ji ' ' ijL_L»_a JUu 

j_jjl>J1 Ojj-jlj 3^)-^ lP"° l^J-^' (LsLujaj Ojj_AJ1 j_u_ulSl J4J3J * .u iall 1 ■■ 1a 
j«— o ((^J-k-L! (j 11 j ->JI ( _ ;r jtj) ajj 1 nll£LII CjLjjjj^ (j\i>- 1 11" jl (FeS2-7- i_i) 
4_cSL«JLl ojj-jSLI! j ^ ■ * a ^v^' w*-. l - J i>^" <1>^J • J^j-^'j i-djSUI («jt3 
I \l , ,y,al j^LiJI ^IjJ^I ^i^l ^^ ia j^'^ (£f\-uil\ (Jj 2I LojLiA «_o (j i"i <i~jij 1 lj_if£^j 

(j^s JJS (^Jl 4jvL-x dJLufcj .4jic: Jj.^^tl ^ 3<l < j"i,il,l dJsLLJI 3_o-Lj (jjs 
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^—b O-Jj-AJl LlI AjJLj ' -J ' *-» I ^—a jt fiLLa dJLuj^ iS II ^j ga o a> d ^ I ' l aj £>^-li 

3jj_i^j w I c j^e-jjl ^I SjL^lII ^^ 4 Ij 1 1 ii dJ 1 1 nj (<sj (_£jj>.I_] _jl g| \i i n^j =LLo 
• aj>J! ^—a Ojj-AjI ^j-a J^p J^^ w ^"' ~" JL^ '(^JJ ' "'^-Ji J I A3 Oo-L*aJl CjLuj-jS 

i. ■! i nil jj» ! jutj) . L^alji>-I jJ£. CjjjjSLI! jluj/I^Li jjJI li^olj cr-^' *— < d>^-^ 
3j_u^ 3_cj_ <j1 j J^Ljj =Lu jjlX\ ' ~ * I c j ' i as 1 1 j jL*j>. ^Ij j^l" i nil ctJujial (j! (_ya 

i^jVjJi! LUajjij ji^l tjjl! o^-" o' (j- 3 yl.""^l ^^-' diljl^ jjtj 'O^' Cr 2 
^jia ^A- 5 ^-* ^ i ii o^w (jl . (^^x^Jj-Ji 4_uitci ' tujLJ Ojj-AjI J_u_ulSl ^2 d j i* Mill 

S-lSLj^oVI 3jL*ill cuLjV^II oJl^ 1951 ^Lc: *« SJSU-dlujjjSLJ! (jilAa. 

r-LLso LuLLajjj O-il^ Li^ i Lj^ii-" (j'-" 3 ^' I (j-° (J^^-° ^ ' '!■»•*>■ 3^=-i i'M^" 1 11" 

j—a j-iLtJl ^j^si'W (.Mini ^J J ' ^ -*- J I ^ya J^SL<lIlJ fCJ ^jlj jjja ^J^jJ-a ' tLLeaJ ^t_l 

^J^js^ 4_*_u_j_ij d d ■ a * w *J.^ Ojj jS T 1 £jja jqjLjlII '- ' ' "'J)J J^>-JJJ »Ojj tS ll 

Lo^ . I j , ,.a. i»'|j i n'CU «ljj>.l ( _ > Ajljj LiLj^aJj (j^l i n'C" (j.aj dJLu^SLU j?-jJ^>- 

4-S-LaJ rt j gLjJl <i <"t II 4_i2jj-aij 5 Jlj^ i ii ijj fiLu2_t-a ^—a ^jj>.t <■ i ( "ijlj JL>-^J 
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(j_o (^Lj (oJL«JI jljijl (j-o Ljjj^j 3jLLI ^^ 95 (j-SUj I j > njj ( _ ;r i cjLjSJI 

3_}JL»«<3 i. ' ' "lj)J (-r^ '— t d>~^' L)^- 1 -*-* ^>*3-3J (lLLu_uS_U ^l_llx) *i_lL>JI ^ S La ' rt 

o LLjj j *\ j L*jIj ^^jvj ^^ ila yjjj idomes i— il j_SJI ^^ mm La ju>. ^1 
j j La ' a j*- '.(Jlj i 'I II jJLjjj .3.}Lc 4_i_o I J-J-tj ila-alil tJjSj Vj 'Ajj i ntlSJI 
S-jLvVI Lol S (_^aL>. (^yjv^J^jjj. (JjjSLjj L»jl.} JajJ^j liLLj i{j\£ ■— *tP* *— *d>^-" 
j_£j_ll (^jj-S-j-U Jal uilll 4j*_uj (jjSj 4JI (j-$£ J^-y I <.ft 2 tj ^ » 1 1 cQjIjJI 
JU>.( L-flLdj> ^L_LJt Ls-sj t^j u <i i"it! 4 ♦ Mil j ^(_3JJ1 jj-a 4_o*^J^_o* * )IV <J^L>. 

Jlj Laj) Sjjj, Q3-1L0 200 j-Lo I'lnn'CU ^j i2_jS_jj_oVl SjLxill cIjLjV^II <j-o 

(jjlj^j>JI j .-^»tl ji Permian ^^jjJI j .^»tl ^ ^^ ^jlS' ^f j£jJJ j_j£ ^ 
jJaj .(j_ojJI dJJj ^Ij^a. j«JL«JI (. 1 miIjij -1 la « " O-jjSLj Lajjj i(Jurassic 
CjLLjj_jS (JljUi-V 2jj . V»»ll .iljJJ CjLjjj_jSJJ SJjUiJLI Ljj_uSjJI O-aJLa-'n .il 

JL*_u£G (QJ . l_£L^tt_) {jl£ LLjJ J^t_JI *La (—3 A^-U-uJlSJI J_UJj»iS (—11 AJJ I iltlSJI 
fQ_l L-4-1JJ .J->JI OJj A J I J A^J I iltlSJI CjLJ^JjS (-JI 0JJU A^J I iltlSJI J-UJJ-jS 

(j^Sj lLLJ J ^ji^j /- ifl lIsJI J-u-qUju A9-2J (-H-^ Ojj A T1 Ljj-uSj «UaL_u^j tiJJj 
i." 1 i I 1 (_j-^>- Cjj tj~ 1 ill jjs-jjj^l (J-La-aJI jj-3 L&LlijlJS ( _ ;r ltl-Oi ; Jj-jSJI 3jJ-i 

.ojj-jSJI jcSljJJj cjLuj-jSJI Jljlo^l j«_i tiLi-i^tj t dJJ j jj-* ^-*_il jj-ujJj 40jj-jSJ1 

j^lj 4J| jlSjII (jjs U5^d -^^t^ L ^-'- s l>° JL v' (*J-<£j («-I UJ' tJ^ '■.'.' "'^ '- ' 
2 jj 1 a « It S^LLI J_lSjj ^1 j^e-itl i-ijji^j (_J^I ' a3 . ij^sr 1 n^^l ^-jLlC. ^1 

cjjJj jlSj .t_il J_LI (j^^a- 1 .1^1 JS^ irXl^j" 1 iilj cjLjjjS_lI.I LjjJx. o^J c^p- 

2_LL-uj_] 3 jj .'^ » tl SjU.1 ,j_o j-l^I Ijjl^-dJJj (^Jl 4^LU3|-2J,^iI,| Lj_uS_JI 
«^ n <i i"itl «:j-ua a! JL^-"i i nlj i^j^jjSJI JLu_uSt /^-)U (j-« /j ioiiaj I JjIL^iIiJI 4_lLi^. 
a^ j i ntlSJI CjLLjj-jS 4_i^ Cjj^Jjj JjLa j—jI^-A 21 j-jtLa ^ys^s>- tJ^Sj tiJJjlSj 

LgJ_«J 4_j_ijj^LlLI a^j ■ %»» tl ^|jj>| jj^i '-/ 1 "Ijj c^jjSj Lo cjjjjSJI i_u-ujjj 

. Jjlj Lij^ lUiiitl (Jj^Sj ( _ ;r 3 i"i «ifl ml 

(jl » jU", ,„', LLj T Lto^l iditi v^jLuV tj^l jjih tiJLla S I j_& Llaj-c. ■ ^j^ 

^—b iJJLlAj . foJljul (^LsLLa ^j^->* ' (—5 A^jJI (-j^>- CjJtJ>o 4_lLuuI 0JLA JILa t^j-J 
Cj^>. (4jji«JI 3_jjJa (j-o Luj^) di I j j •> j 1 1 (j^s JJLC 4_l2j^3| J I n i"i ( _ ;r 3 LujJ 
( _ ;r l!lj ajj 1 iitlSJI CjL1jjjS_i 'LuJJI 4a£l jJI SjjIjjjVI ijLJkl )«_uLuJI (j-o (3-^-" 
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ijluiJUIg ObgjS.i.nJI 

30) £.<-J3Jjl /^-Ii (J_j_4_i L^_jkL_aj 4jv Lt-t-u-U ^1djj>. <L>.L_u_a I gIL>.l ' ■■ ^ *-_)jLojj 
(^^ 2 , 5 w 1 c (^jJL>iJj aj_u_oJL£LJ1 CjLjjj-j£Lj 4ju lu a L^Jt LaS (^j^La '^j-1 
^-JS Jl>. jj La_a <d_uj_3 4 1 j a • a 4-j-mJ ^-jfe j < ajj ^j uaJ 1 JUj jJS (j-* L*i>^ **-* "-*• ' 
?ujcjj . <L>.ji_a (J^t i>Lj-LI £JLA dul^ (jlj CjJL>. t (-_aLL>J1 ^^ JL>J (^l-i J^tJ 

(JIJM J-jua-jj) j JLjJ 1 jj-* 4-5ia-II, I <J-<kI 4_*_a^fc_jj t vA^tsj (^-iLaj Jj^-i lA* 3 <: ^J-^ 
j«s_Aj 1950 aLc i-ilL_LA 0_£ LajU£. (jj 1 * dJ I^JL^ IjlSLa jt -j «>* * ^J| <UJajtJ 
JjHitJ ".^VL^ ^jr^ CltJj-iSLJI (Jj^j *Lm-p Lai (r-^Lft^ d-jj-a JLJ>-" 1 nj ^-mdJl 

uLo. ^^Lc jL_^Ljj-iSLll ^1 2bljJLl c^Loj-iSLII ojj-£iJ 3Jji^JJ Lj-uSLJl 

^j_l^3 <La JL^Tu.u.a jj|aj>Sj| Ju-uiSl (j-JiJ ^j_a d JJ '""** 3-iUj dt-Lia JL9 LfcjJJU 
<j-« j-^>- * ' d '^ * 'J f-^H L^r * »° (J-* 3 d '^** ' Lt^ Li (^ JJ I J_ujj-j£J 1 j ^j-u-c-tloJ 1 
i^JJI Ojj-j£L11 ^^ J uaj&j tilto (^icj . ^Lu^-iSLll SJpiiXI Ljj-uSLJI JaLlJ 
^—Lc I ^ g *' ■« (JS JLoIuu Ljj-uSLlJ 1 ^j_a JjG^^-a-se-a d La - ■■ l^j Cj Ljjj-j£J 1 jj_a J-ljIu 
3j-jj5c_jJ1 -iL^-a QrtS*na . L^K 4_lLcjlJ1 $JJt> Ajtintj uul 4^LLaJ1 dJj->»jj i^jj^ 2I 
Lai, sLjjJJJ O-Jj-AJl Lj-uSLj ^j_a Lljj-Sj «U^ (J^SLq ^-JLjj^Lo^ j-aj>-1 qLs £jjQ 

^^j-jLLa-jj-j j-altit_a ^Jl Lt£.^>.j JlI^. 3j-pc_jJ1 i>JLA ^j_a CjLLi^. LjL>. t JL^J 
(4-La-L^j>Jl f>LJJ d_a_j^jj tjr ^ Jj La_))«Li£. Llu3 3j_pe_J *La Lj-i^. AJ , 1950 aLc 
. Cj Ljjj L>- I J-^ft-i *— up 3>_jJLlc3 «L^j Lfu^a <= Li£. Lu-a 4_ujj-ji 3j-irt_) L Lui-1 1 J 

. La JL>. ^yJJ L_3j)jiiiJ1 
(j-* d_a_Ll^t_a jj-SLal (—£ 3jijj>-j-a dtJj-iSJl )<_uL(jj Cjlj-iJt_Jl $JJb (_p-«J 
^^ylL^j I 3 * a 4jj_oLlL1 Lj-uSLjJI Jj-C * J^**' ' ,[ * ^L^l^JI ^S Lt^ l!ilj ♦jqJLlJI 
3j_jJ_L1 4_jj_SJ1 (j-jlj-SJl (j-* i^J-Iii tJ*-^ j-l1>J,1 j^^ Lo-jJ^jj dtJj-jSJl J^aS^j 
. O-jj—lSLI 1 c_ <_*-olj)j ' t-l_cf L^_i diLtfuJ /-JJl 42jj-LaJ1 ^-.A i>J_A ^jL) ll ^"^^ I 



136 



gUjUl x^a i^UgjS ioll 

(j-!l^>- !j-&(j-o H.Thode jjii ._& iLL-uVl £jjj jlIs >L Jj5l ^LJ.} tiJLLii (jSLJj 

jjj^Sij sLul 4juiill tJ -»-LjIaJI CjJ^jSLI! jjUaj ( _ ;r 3 lijJLs. »l u^Ju] (jl 1950 4_u-u 

(_gjLijSL!l (Jl^ni-VI ^Lul cjjLaj («J (jl te^Li VI LdJiJila (jlj Ll^-^J^u jluj^jSLII 

j-jJLI »gj * i till j-jLkaJJl)) (--i-«-a 7-j-*Iulj «Llaj>J OjjjI (jl (j-^ <— ^-J "-^Jj 
(j-o*jljIlillj ifl^ - ' "S 2lj (j-\j>-j)j JU 2l (JILa Lljj-oj j_t-aLL*jl (_p (jl . (j-ujLa-iSjl 
i=LLj_«_a d l"S Cjli L^jicl Cjlji (j-o Ja^L>.l£ ^ noxLaJl ( _ ;r 3 J^J-JJ l ^ J i>^-" w 3 
jj_a 4 i ii j Sj ^ a_i^3_i (jj^Llj ^M_3 Ojj-jSLILs . ^ a fa se a 4ljS LgJ L^ia 4iJ3 ij^LJj 

Ljj_2j 5jUI (^ 2 <jSUj . 3j-a (j-u^liij lt*-2Li lt^jU^^I ^j- 5 <j-° J-^J' < — "'j- 5 

3j!i (j_o J-ijl I j ' a 3jLj>.ljJI SjjJI (jl !il idJJi (j_a J-ijI CjljjJI OJLA (j-a 

^ti i ii j jLflje-i I j i uljaj^jl taJul ojla (j^. i a ui£Jl (j£Lajj •Sj- 34 (j^-jjJj^l 

(_gjLijSLII (jjjSiJI (j li LjI <lgjl uiLa^SLtaJll oJUt <U-m ij . 4JjSUJ w AjUll jjjLiiil 
4_ujj-jS CjLiSj-a jl CjLLjj-jS^jj jl CjLljj-jS jl JLujj-jS «Lu_& (J^. ".Oj^-AJj 
« ^o-J)) (jLj tiU!i . «LLjl— aJLa j-;tc j J 4-^j I i ii" a d 1 1 nitl 0JL& . y^jm 4j^_Ua£. 

V (Jjjjv-jj^lj-Jlj tiljLuJI ^ Sji^-jII djLbjjSLIIj ol jljIjjjSLII (jl ik^V 

L^jljii (j-Lj 1 " t^*t| ^-yj cUjLalLa t. 1 1 in CjI]}-(_j>-^j^_laJ1 (Jjt_fljl Ji^>.^j (JL*_a 
<j_a 2 ualiexuiXI Ojj_iSLII (^Ic 4jjIjJ,| (j.}L«i,l CUJ\£ liiljiSj .Ojj_iSL1I ,jji 

jLuj^jSLII (jSLI .t_i£jSLII 1. 1 ^ If qLl>JI jjj'-^ J; a '"■; 1 'j~ d J^J^JJ^ '"'^ S tla 
itp. d-uLxJaJI CjLIuJI ^yfl jl^Luj-iSLil 3Jj^iJ,| Lj_uSLJI fjlj-a ^ jjLJI 
cLii^iJI jjUilll ( _ ;r 3 ( -5 -'£-I (j^ ^ «aj ui i di Lljj jS II 3J^liJ,| Ljj_uSLiII (jjSj 
'■■'.' ' "K?^-J£9 • ^JJ (J-2j^ ' jjUaJJI ^ cr^' ^ ^ " > " ^ ' '^ '^i>^^' Ci-ilSj (jj^JI 
Oj^jSLU aj.j^.Utl j^LkJI J-^'a (^Jj (5^1 cIjLljjjSLJJ Ljj_uSLJI Jljail (j'"'- 
(jjk 4_l3 jjLkjJjl g| j 1 11 1 (^l^j^JI Ojj-jSLIIj . L^j (jl j~ ' uj V 4j>-jJU L^-lIsjj (jf. 
(j-*j| 1 11 S J (__b C^-Jj tS II t. 1 1 "ijj Lai . 4_pj-j_ul jl «4_iJLj_LLajl » j-jLLa_u1 ^ 1 1 ui 

LljjJ (^ Sjjljjl (j^c (j_a 4Lj/jJiI CjLLlkJIj 4_lL2j^5 (^ (jJ-II liiljj LJLj^jJj 
. 4_o*^J^_laJ I d 1 1 nil I (__A I jj a j illaljl A 1 1 ui (j Lis 

ojL^ Ljj_uSLJI (jl Jf. I jl»- Ljia !>Ll!j jjLtkill t_jjL>o ajl23 di!i (^Icj 

0_jj-±£L]I Ol ' a rt (2>dL9 *Lul JLujj-jS (_ll CjLLjj-a£jl (Jj^_>iJ (jf. 4Jj tina 

AjU-^tly-.ljjj<jtl ^jla JaLujI (^if. ^LJ^ ajl23 V L^JSLIj .joJLtll (^a^jaSDI 
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(jluulllg OLigjS.i.nJI 

ISjIaJ LjjLa-£ }LcLiJ jf jl sl^JI SLLaLuijj a J m^Vl jlj tdilju Lj] 4^>lc: V 
£)a_o*LJ1 (*J^9 JL9J . Ojj-AJI jJj^Sj j-u_a^HJ /- ^ » CjLjjj-AjIj CjI Jljjjj-jSJI jj-a 

(. i i.iIjijJI (^ j&>.&JLI duj_iSLI! (j-o SjLLI ^ 80 jji (jlr LuJo !>LJj ojj' "JL>-^ 
(Jjjs (j^j Ltl_i£^L^5 (_pJI) ithiobacilli (j.ili.ib^-u J*-\' Cil uij LaJl 3_uLijl£L!l 

La-j-s Lai . (dJLujjjSLII ^j*- 1~- S^Lc dlli julj » I ■ aj /<u ojjjSL!! ^1 sl^^JI 

i IlXjI (_)-><-i (jJ 5JI i no I jl»l'a LajJL9 4-jjv_jJa-<j>JI ' . ■ *-»■ II fjjs CjJl>. Laj (j I t~n 
j-i-aAj 4_]l (_3 (j - *^ -5 ^^-^.^^tH SilaieS 4_uuJl *j La ■*- 1 1 jj < eaj ^-JS (JLa_>Jl j^A-* 
JljJLi-V 2_aj}U! ilLkJI Jul CjL^SU Zlju±X\ Lj^uS^JI c .l.^ <-kj$ 
Ljj^j-TlSLj I ^**' "*■" i 1 ^Jll 1 ^j^jj^J 1 Cj Li£j-a jj-a 3- ' <^^ j_SJ . Cj LLjj-i£j 1 

(j_uL_u£*J (J 21 7C-J LLP I LjX. J^tt_J1 jL_u^S_ll £j\-l\ O-Jj-AJl (JJ^SJJ O-Aj «3j jJU 

(j-« j JUu Cj LLjj-i£L1 1 J '3-^ *-J Ljj-lo_J 1 Cl« Lj3 fftj 2i J 1 Cj JL>. j^t-iHl 1 £) I JlSju 

jjjeJJ . 4j3I LaJJ jJLua-<iS ^JjijIujI a 1 JLje-Lm 1 » J^**' ' "" Ljj-uS_J1 &JJL (jl CjLoIUI 

3jla_>JLj Cj Ljjj X 1 1 5JjIL>J t 1 L^-uSLjJI lULjjI tjT J3 ^jl i uj\ i f 1 ulJ V 4JI u i tutJ3 

.CjLJjj-^JI jj-a O-ujj-^JI (jJ^ ^ cA^ 
L_Lj>.jJj_LJ CjJlj>- JLj3 4jt-uJaJI j_j3 Cujj-j£j1 c_<_u-ojj (jl «L^-lSjv CjjI J_Sj 
i>JLA i. ; <>m iij . Ljj-uSLJI AljlitIu_uLj LjX.1 JLl<3 Ojjj£LJ1 r-LjjV CjL>-1jIij3! ^1 

, J^aiJI IjlA ^ JUtJ Li_ij3 CjliLSLo^l 
d A n ">- a JjJa LJ_a ^^^ y^flelluiJ (Jl! 1 - ajj ^a-uaj 1 Cj Lj^jjS j I 1 s j) "*■* I (_p-4-i J 

L«JU£. CjJ_>iJ i^H-11 4_lUjlI1 &JJb {^ IjJJ I tiaj| Ojj-jSLII iljIoJLl L^j-uSLjJI 
OJj-IL>.l ^jl-La t— t-i-i-uJ-Cj JL>. jjj . «_*_ulj ^LLaj /^J^. Ojj-AJI ^jj^j ^J i ••* i 
CjLj_jj-j_S (jLJ3 Ljj-_lIlSLlJ 1 <d_IaLj_o^j 4jt-uiaj| /_j9 4^-Je-ua 3jj_uaj CjLLjj^oJI 
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? Lull I x^a i^UgjSjjoJI 

:^tlll I jut ^ti!l ^Ir (_gjLijSL!l j_ajJLi J«* I altJl i_tjSLi 
CaSO CaS 

4 

IS i-S \S\^£ 

4 

^j '• dJLxj «Ljs_j_!Lj La_ll.} J^OJ>-^a-a ^-Aj-^j^-lj-SJl JLj uiS\ (-j-Ji-J JU>>J l^ij 
J_lH_jj-±S tzZlu^ «L*_a ^J^uajj I JLA ao-u_uJLSJ1 JLluj-j^ ^j^* > ^L^-CjLijijS-JJ 

in H O 

CaS +CO '- CaCo + HS 

2 2 

Jbu^+Kl , - idlud + £<_£ 

2 - ■ 3 | Jj 2 

2 - 

7-j-flj (jjJti 3j_uJil 4^jj£L!I JU-uLiJI (ji^jJI 4^ejlj jju>-j|jJLj z\ JLujj-jSLJj 
J J '"'^ *"Jl J I ajji.mIISLII CjLJ^jji ^£ jji-VI jyJjLiJI Lai . 4j^1U CjLu-JI (j-o 
«L*_u_ujJl 4_uJjuL1 Cjljjj iS II (—A a j * ^j > *-» \ I CjLuj-jS (J^oSj CjLujjI ^j^** > Cr^J 
oJ_& ^^ (j-jL^JJI jljLjJI (Jj^Ljj ij_i^o ^ (jjjJaJjl (_gj!j (^ CjJLxj La£ 

i ■*■ jt ir^i 1 Jij i r^i 1 1 <jJ_a£j (^ i^lj-II I J-A q] ij\c \ nU !>Ll!j a JL3 J (j jjJajJ I 

a j j 'j - -^ T 1 I., , „|j|j jl Laj (^ cjL1jj_iSLLI 5JjHJ»J,l Lj^-uSLJI jIjlc.1 qV* dlli 

^j^Llj CiLij^ jSAj 4jjIiJ>%X\ Ljj-uS_J1 ■ la i ■■ *" La T t-L V Cj I JLujj-jSJ 1 ^j^oSHjj 
,:|^J| ^4J>-J ( _ ;r 3 J-aj(3 V Ljj_uSLJI j>JLit (j2 JjJltejj 3^-^ aJ Cr^ (J^d L^lsLiu 

iL^_o!jLal i." i j~~ (j^- ^^O-^-J'j 2^j ,%«.tl SjLLI ^jjs i. mU JJLa ^1 r-Luso 
aL_u JLuj^ iN j 1 (j2 Laj^>-j (j-^- J^Lfl_>J1 ^—II ^JJ-aj LAjia^aJ (JL^. OjIS ^jlj 

Ljj_uSLi jjj_u jujj . di Laj a u 3Jjh>j,i Ljj_uSLjj =L>.mi 2^j . >»»ti s^m s^lj 
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J)jJL»-o (jH^J j»Lkjj (j-1^. (Jj^iie-iJ-Jj ^1 J uaAJI ( _ ;r 3 Ly Ij Lai-^jji. 2I OujjSLJI 
'■■' ' "lsu cWj • Sulfuretun ( _ ;r IjjjSL!l ^LlaJJI d j 1 ujj ojj jSU I 3jjJ> (jlr J-cjjlj 
-I \j ,^ II "a .3Js}L«j«JI 4j1jj_iSLII /oJaJjl {y> t\j->-\£ C^jj£j 4jIL«JI Ojj-iSLII 
CjI_i_lj (_3 j 0-i ' ■■' (-_i_jj_±£jl a! la *'< (jl ^J (J^Sjj (jl (jSLs-i- Lj^IJ LuIj IjqS 
^-6 ' ' a * .' 3 "-t^' 1 -*-" JLjJL>JI (ji^. (jVI «L«jijLlII ^^ oLlII 1 la « a (^jjjoj . 4_Ll«-o 
0J_& (J-La 1 a i\ LeaJ (j-\j>.j . (jr\_j_iljjl (_^L-ajJlj jjjjL^JjI (-1^. Ltiajl (_£^Hjs_i 
(jJmJll J c I ajj j>l jj-i!l (jlr CjJLxj LjjLij^ ^LcLaj (jLa Lujj_j£ Laliaj 0LJ.I 

A\I1I/>I^J,^A "j (j I . t I J_UJJ^ 5tlijJ jj^>.j|jJLj2l Ji-LUJ-jS *_o i_ljI jJI 

(_3 4_j_iJ_*_U CjI J— lHj^ All j Si ■ a rt (j_« 'Jri-k cj' ' ^"' * 'J •'- ' ' "'J ^tH* C~^ 

0JL3-J cjj^jJj jls ajjjIj^jJI cjL«L>. (Jj«Jj .^ti!! I jut (jyJ^- oj^ ^ (oJL«J! 

4 j I » U i—ijLx-jJI (j-S>Jj .j-jUJJ.! t^£> L^JjjSwi JljJ-2j (jSLa? JLSj iJLujj-jSLII 
tj-S cX I in JUS 2 « j JaJI (jl ajjj LaJL Oijiu V 3.^.Utl JLlLTj (^Jl JLajiLgJI 
Jj^Vl /-.SS^ (jUlj-iUaUl JJJjUj S^LiJI t_jjLalJI (jl. Jjjmtt dl!i*Ja!^J! 
^ys Lt-ajJI J (jjjL^—LlI /yi-C-/0-l^] Li_i^-falij r«J (-Jt-LiLaJl OJj-tSjJ (_j>-^j^_laJ1 
3_Lj1_2J| cLj>Ja-Lll o>^ LiiljJj i5_uJj>J.I CjI jLuj^jSLII CjLoLi. (j-o Lij_j£.j 

(j_o JJ-& (_^3 JUJLsJI JLujj-4^ '^■Jd ^i"JUJU»J! 3JL>. lillj) (j-o (j ~~i 1 n Ij 
(JjSLj La 3j)Lcj i ( _ ;r jj^jSL!l a UaJU I I g-L3 JjiC (_^JI (jSLa^lj 4jj^tjJI 1. 1 1 "ljj-!l 
jj-a <■ 1 1 nljijjl i>J_A (JILa (—5 J)^>.jJ\1 Ojj-AjI ^—b « Lo^jJ^_u» j " lajul 3<_jjjj 
(j I C (_g^_L>J (_^-i-!l 4_oL^JI (jJ)L«_LI (j_o JLjJUsJ! CjLljjjJ . JUJLsJI JLujjj^ 
JLj.Xj>J1 Jl_j_ljj-j^ I. 1 1 "'J)J (j-« Lo^jJ^_o^ C^J^Sj i>J_A (jt (—Sjjjmj . JuJ_>J1 

Vj . hydrotroilite o_JLjj jjjj jlu» ^ ^ . ,n hydrated ,^_l*ILo (j Jjla (jj>ia ^jc 
L^J JuJL>JI CjLuj_u (jl p-jjJajll 3 Jjjj . 4-lLh.<.1! 4-<Li«jJI »Llh-iSL!1 Luk 1~4-<J>J 
^LLjj-jSJJ 4JJ-l>JU Ljj-uS_JI (_ll j^lS Jo. (_J1 (J^jj>.I 3j_a ^>-J-J C^-^^H J- 4- * 3 ' 

jujl>J! jlujjj^ i_a^L»- (jlr 2Fes-7- i_^ (_gjLijS-II juju>JI CjLuj_u j-ojj) 
CjLuj_u (^1 oJ^jso ^pJI-pyritized fossils 4-ujj_lJI j$\ .v.-wtl Lol . (Fes 7- 1. X 
jJojj (^1 i_JJ)l (JLaHL! (jjlSLII (j2 CjLcIlj I -jt.t'a-gljt.^VI I j"jj 1 aJ el 1^ A", -» ^ 
(j^ uAcaVI «ljj>-^/l Sjjir^i ■"■« xlajl dilj) (jlr j . (jlu^ j*Cll ->lt^;tl ^ JjUtl 
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?UjUI x^a oUgjixaJI 

^j-ILj^ j-SJI a I la * II ( _ ;r 3 3jj Jjlj Sjj) t_ul jJI JjJLsJI jj LoJUX. O-lII (jj^-L^i' 
Ojj-AjI (j-° ^-iJ-i L^-al JL^-"n ill (—A JU JL>J1 CjQjj-j_J f. g laa-II 4_j_$_A2l (j^-> * 
JL)J_>J1 J_u_ulii JLujUJ CjQjj-j_J1 (3j^>- £)S_4-sj . LJJ-UJJ iN 11 ^j^-> »j» 4.C I 1 1 f-> (_£ 
^JJ 2 tj j , ... 3j_ji.2l CjljLiJI aJJt Jjjjo (jSlx-ij i3_j^L«J| ouj-jSLI! J_u-uL^Ij 
tj)fl i 1 1,1 jjjjJLj-o 4_CL_Lt-ia O-4-l JL9J .^j-Cl—u-a JjLIaj Lr^ L ^i^zL) .' ^ ' j^"1^ 
^j-3 L_i_jj-dj LuLLaj^-j I gSJujj i ■■" /^iJi lLLujj-AjI ^j^-> o~*- (jLtlal ^j-a ' gLLeaJu I a 
Ojj_>SL!I Ajjr"nn" (j^JI dIL£ Sj^L^aisI 3_JUjJ| Qi.hIj . 1950 *Lc cIjLuj-JI 
. 4_L<u }Lc.J Ojj-jSLI! JJ9 I nK -il-ijj Lg-al JlJ-"ii J (jSLIj i w « j • La II 

(j_o jujuJI Si mi'i ^ (jil S^^jtVl SjiSLa djLljj-iSlil 3Jj_ii»J.I L^uSLJI 
.iiLlJu 2 La pj 1 1 SjljO-jJI cjLjjij£LiI,I i." i MM I I j IS! 1 j i<Luj_«i,| j«JL«JI j >l ia^ 
bog iron .-.I .^r,,„ll jujl>. ^ a , „\ t;r 2Jjl ju jl>JI <j-o LL"-*- LoL>. tiJLut jl 
( _ ;r jJI JLjJL>JI Ljj_uSL) (Jjl3 (J^ni- (j-a (jjSwbj '"'I «_a_LJ i ■■! I <_al^>. (ji^. J^J-JJJ 
3 J i nM d jir->L>. Ljj_uSLJI OJL^Jj .^liJI J LaAll (^ I glc jLxjl ( _ ;r 3 LuJLso 

(j^ iuLji JJLj (_£JJI dLjujLj>JI (jJI 3jjujlj>J! Sjjj^s ^ ol Jll jujljJI 

( _ ;r ^ liDj) SjLjS (j£Lxjj . jj-LaJI d j nn i i i .iIj sLjj-A O"^ '-. ' ' '[>j ^J-JJJj • *l-M 

jj o" 2 + Z. (' ^ — ~ 2' + Z^ 1 

Fex2 + 0, JEXL Fe(0H)3 + 2Hx 
,3" t~« a Jj-o Monovalent anion ^^Lvl u>tH^ tPl ^ o" j-^J-* ^'J">- 

^iiLo CjUffTn .ill (_yfl (Ji^tll.1 ^j Migtl ,jjj JJ3 (jjJI j»LJLI^ (LJLiji J^l (jj^J 

i>J_A ^JlLa » )l hi M LaJ_t£.J . La Lc^j «Uia_aLx /^-Aj jjJUJL>JLl I j i i u l 4_j_Lc 

j-a-ij JUJL>JI Ljj_uSLj (jLa SJ^LtLo •*• J ' '*'" J M^-« ^hf-^M tLalaXa (_y3 i>LJil 

. JUJL>JI (^L>* jj^ 3 ^ 1 V '^ t- 1 ( "IjlJ 03^ o' 0^0"^ /*"* L^^J ^J^P ^1 J^.Ll 

.tiili Lj_uSLJI » ''^" I jli, (^JLill ,_LuaiJI ^JSI Lulj Li^t^x^I^II ,jj9 (JjijJj 

Ljj_uSLJI ajjt (jSLxj jjJljJljJI S j 1 nS I (jL JjLoJI jj • ..a*. II 1 u a. 1 1 j^ jjljjj 
iSjLolII ju jlJu m^ju jl>JI ^ljLLII ^jLa ^^--^ jj-* (2A- 5 ° ^ rt J _ -^ ^J***m ^jl ^ya 

^ J3 ' "J 43jLoj <■ 1 1 i n 1 . m^j i in 1 1 ^j n (->JI 4-a Jl^-**i i 11 1 ^-JjULA ^L>- (JJ I tj^ ^l-L*-Jj 
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QUxJUIg ObgjS.i.nJI 

Sphaerotilus ^j"N j"jtj - * ' " (J " ' ** O-* ^>tH-^-^' *—■ 1 - i JJ ^J *^^ f j>**-^ 
(JjLuj^j lQ **;H (j-ol>J1 jujl>JI Ljj-uSLi <j»o Lkj-t£.j Leptothnx <j_u£[jjjjI1j_Jj 

ud LlA JUlj a±£ i «Lc LLLeaJ 1 y^jS 4-U-a-Uj <La_uaj a Jlsc-lujj JU JL>J 1 a Li- jj-a L$J- > ' ' 
Ol jlSJlu "U JUJL>. ^jjjjSJJ 4-iLq.C <lH*-Jj - CjI jlILuj tiXI JUJL>. (j-* (—3 IS jJ^9 LuLlLs 
Lj-Uj p j m-^-Il ^L-j_a r-j-j^j t-^-o- j-jJLua JjLLaj /^ic Ij-^S JUfcLtfuJ oJlj La 
• 1 c L)J_^3 Lj_Li Lt-<-o1j * *' ij**~* di\ • aju • uJ,l 9 ^-uLuJI (j_« AjJu>JLj 4_ujl!I 
OjjSj j-j_L5E_U1 JLu_ui£t c_(_*-oljj ^j-^* > tj' (J-^- 5 ^' (j-^J - jj se i^ga-I |a jL*j>. 2l 
■ * j ■ La 1 1 L_ ij^t-uTJ 1 ^-JS Ljj-uSLJI (JjlAj Sjujjla 4_lLjX. CjJL>»jj . «L^jLtfu-a «Lajj_Laj 
c_<_AJUlj a^sjiJI jqj>.LLo (^jIL>»j < ^j^ 3*_jL_uj1 (J_uaAJl (_£ ^j-u_uj . Cj LUvujj 
CLuj-SJ 1 Ljj_lo_j £yA 4_u_*_a Lc 1 jj I q I <_Jlj£j 4 JU JL>J 1 Cj Lljj-jj jj-o Cj 1 5 uq /^J-C 

oJ_A J . .1 ^j-j (Thiobacillus ferro-oxidans {j-u-Jl J j uiSjl jj-j-3 (JjjJ_l^Ljj_lj) 
(J-SLj u-t-L-cuJ l^JjI LiJ_ujj-j£j 1 j_pa ^j>.-(C>3>.1 ^LuJul £j-\_i J^-^iILuJ CjLljj-j_J1 
CjLljj-j_J1 CjLiLxj ^—3 Cjl_jjj£Lii1 i>JLA j-<j_uj . ^JUlLJI CjLoSLg I a u la c-<_uLJ 2l 
(j 2-CjL1jj-_uj1 jj-a j-jSi ^^-^ *— )JJUj3 i 4_u-ia_<jj>. 4-U-JI (JJtj>iJj ajvLuJ 7TjL>- 
(—3 /tjlj-Lll JU>-I ' Jj -A-LLa-1 1 CltJj-iSJ 1 J-Cj Lljj-uJ 1 (JJ->»J (jyJ-^ J-cL_uJ ^a ^ >J| 
j_lj (j-u-Li-u Ljj_lj «LLs l-t-uj-j I Ja * 1 O-Jj—lSLI 1 1 J_& Jl-ujS Co ^3 . ( JX. LalU 1 1 JL& 

^j-^ 1 >■ jj-^o 1 J-jj-a tiUJL^ ^ILLjJa Thiobacillus thio oxidans-^^-u-Jlj j m^j? 
i>l_j_a J 1 V "1 J 0-jj>. L-i-jj-Ls jq-jLs ALlaj i^ji^. J Lcaae ) dllj ^^r^J . LijLjIbj-j£L1 1 

3jlcL_u_4j djLjILjj-j£LJ 1 ^j-^ t^j <-_)! jJLl jujl>J1 L^jus i_3jj>oj cjLjLiIII jlUaVl 



■ Ijj (_p (^jlusoj . 4jJ_us j J_uj OJ^' <: ^J-^ ^-^jLl^ ^W - ^' U3^J * Lj^jTS jtl 
CjLLjjjS ^LulA (ji^. /TjJ*-) ajj3 (JJUla j_Aj gLuls CjLuiSL) (j-uL^tlll /_yic CjLljj-jJI 
jlj— aLi (JjjL^JJI ( ^a^LJ>- "1 1 11V «L_uCjJ5 4x.l_Lu3 CjLtiiJ JLa^ LilljJ .(JjjLjcJJI 

jujl>J1 vi 4 -^ ^^rP" ^j^->^1 ujLjLoJ ^^ 5jj1 jJI ^jLlXI ^^ 4JJIJSJ.1 i>LjI1 

•.(^jLjijSJI j_ujlLI1j .(j-uL^t-LlI c-4-<-4jjIuj 

7C_1 + 7- 1 (_-(S 7CJ 1 C_S + 7- 

Fe + CuSO FeSO + Cu 

4 4 

jjju JL>Jl CjLljj-j^ JU JL>Jl Ljj-uSLj (Jj^tJ AJ . JUuqjj j_p «Lbj-«J (J^.Laj J-^J 
SjJiJLl /y <a_i-u-i c-4-i-u 1 j ^LtJ-A (jjJ^- j 5j ■ uJ (jy-ui LiJuJUJL>J1 JLu_ui£l j_j] JUu L<i_l3 
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oj^j SjJLLI r"LliJ| (j' <j-° C^J-" i^ r J .pi i <^V1 5-g.l 1 i^i (^ a JLJ-" i n"j Ochre 

«La_jJLll 4_o*LJ (j»a / jr aS-J J^a^aJJ (JjjL^sJJI (jl 2m ij-j^j 4j>-L>J1 Jj^-^- 3 4-dJj-laJl 
(jl (^1 4_i£Ljj_a2l CjLa_j2l ^^ j jj I ajj I j j i"i"j . 4-jJLx.a 4-<la-«JI (j^SJiJ 
CjLljj-j_J1 ' " * I a ■ la (j_a l_AJ-pjJJ (jS_a_i dJujJlj aji^SjIj ao-uULuJIj /q_iJ_LjJ^JL1 
2 A,^, p jt t l ^j . Thiobacillus ferro-Oxidans (j-u-Jl J j'"^j' jLh^ (j.iL.iLi^-u 
sL2jjJaj 4_A^. J j La3»J I (jSLa-i ao-uIj^-lII (jl 4jj jjl 4^UaJ! J i2j ■ ■• a (^ 4-i^iLi. 
(_3 Cj ii flJa JL9j d Lga-g-seJuL I «L>.jJlI1 CjI]} J— luj iN ) I CjLaL>. (j_a 4_^jLita 
fQ_ulj->J1 CjL^tlla (j_a ^LjJ'J-A Uj-uSL) (jl &£-J^ d i ii ittjia (_£a£.J 1964 al£. L_uJj-b 
CjI * a -»o (j_a c_<_AJd1 ^j^* '•'*■'*' i uj L#-ilj 3jL>J1 JjlaLLU ^J^ (j-a L^Jj-C (jS«al 

CjLj_<i£ (ji j-^il (j' lA^- o^-fj iLaterites o_jj_j!>Ltl 3-jj-j (j i i <n 3-JpJI ^ 
jUil^l ^ ^j,L2JI *Jz jJj (jl JjJs dilij 1 1 Jl»- iLlii oJl£ 4jjI Jdl uuk jdl 
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(jluulllg OLigjS.i.nJI 




it,'/ <-h!<it tiiit, .ui Jjp 

4BaiUi±iJ liumida af Ltj* 
L'mrenicy af Fruurun 
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gUjUl x^a i^UgjS ;oll 



t*ffJ!K* 



cm 





hip 



115 



(jluulllg OLigjS.i.n.ll 
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?UjUI x^a CiUgjixoJI 
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Chro'cwliu m red 



iiphaeroliltii muiu 
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(jluulllg C»ljgjS.i.n.ll 
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?UjUI x^a CjU^j*. joII 
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(jluulllg C»ljgjS.i.n.ll 




, ( ^jji^jiy J vUJl vu!l 4Jm ) iji TVS 
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?UjUI x^a oUgjixaJI 
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(jluulllg OLigjS.i.n.ll 



j^-iL_^ 
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?UjUI x^a CjL<)j% joII 
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(jluulllg CiUgjSUaJl 



(jTo* A t^r \ * , ,-.11 Sj^IUl (-J3 (-j-uL-u^l jjaj3aj| 3-Aj ^t-ill p^jJa^a 



■iLk^'CjqU 2 j 'I ■ V.aVI 4Ja ". iVI j«j»l (jl jj»J '■ ( _ ;T a*lrQJ3'2l LlcjjJa^o ^1 Jjju 

(0J*_dJ1 (Jj^Sj 4_lLjX. >■" * se w f-> t JLSj . (—uaUj ^—b 4_o*^J^_o* * )LIL>.t Juja O-4-l 

«Lxj>^J^_o* 3jH£ (—3 4_u_u ^j^j-La 300 J_La-OX.j-CjJ jJia . Lal_4-l fiLa^jLa ^^jJI 
CjLjj1jj>. d 1 1 ti 1 I ^ o la * rt CjLjLu ^ya 4 <aV (^ CjuLc-4_u^jj£LI1 4_tJL>JLj i_j3jjlj 
4-iiaj slfijjlj 4j-Li!l Cj-iI£j .f«ja->JI ( _ ;r 3 SJs^LsX. O-ili L^-iSjj ij^JJ-II (j-ui. I j_<j/ j 
cJ-Lsoj » I) i a -- 1 1 diLjl i i II OuLa jlj ijJLvjalj <"»l»*~ , ,.t I I j j a . ,"." '<" 
^£ j^-ojl iy\£- du£ Ljj u\ 1 1 1 Oil^J i ul -jl o i nil ^j^** > (j-« «uji_A 4-«j^ OjjS 
jLc. jJjjj ij^ljjl V j-aiej lijJL*. liili (_^-l^J • < ^S -*-^ J cr^?" ' "aJM (j-o J^ 

t-^LijJj L^J jlj_o (^1 cjLjLjjJI cjLjLii cJ^xj I Lu-ol » *" . ..t I jLc.-(jliLJil 
oJlj Loj Humic acids 3_JLijJI <_JaL«j>.^l ^o ,<n SJaju <_a jj-«-o j_lc. i_gjL»-i£ 
(^ (Ji^tlll Ijla J!la <j-a jljLj peat jo-lA^JLs .^jjJI (^l iSj-^ 4-Aajl1\ ^jla 
The will-o-the jL-i-ll q\-lmJj -fr^ J J^J d '"*'' >*J i=LaLi>. jjlj cjUSm mil 

(4) 
j , ^*^-^j , ..^ tl * ^ *" , ,. rt Jj^js j^j-ajsljjj (^jJL^JLI ^jLLul ^j-a d U mi 3-Aj wisp 

4_uij-i>. A j < j j U 3j_&LIa L^JI i_ujJiJlj i3_jjjjj_j^/| 4jj< ."ill CjIjjjLLI ^jj ^Lt 

3jlj_«_i 3_jjLjijSLII 4_o-LlII qj* 4_JLijJI (_p3L«j>. alj .SjjLJ 3j_&L!a o-ili ^Ij 

(_^ajLi^u>. L^Jj itiJLiLlI (J-La-flJI ^^ oLi3jLi^> (_g JJI j j La 1 1 J-&J Jj'J^^.' 
(J_«_i_l OiJcJl.il JL£ L^jl (<li.J (_gjJjSLJI JaLiiill ■ I-- " L^jl Oi-o. (j-o «LLi£L>. 

oLg.jM^il,lj o- 5 ^' o' c^ '-.'.' '"^ >* ' j-*j .3_uLiII S^LLI (^a ojLjjj£Ll1.I 

£jjg L^JI i ,i"i il Jjlj j^jiujkJLa JL>. ^—11 ^1 j i *X ^AJj>o ^JLu (Jl(!L>JI ^-To^ d j i i ii-»J1 

(jlj t^js- i nS x\^ (^\jvjjJU aIj ^ji^jj^JI jj-a 4_j_^u_uj cLit-aj Q^SHj 4_uLu 3^La 
2 lj ^ i iu (Jj-^ 1 - 1 t ^r! j:e T 1 '(- r ^jlJ'-^^''j LiJi>^W ' : ^!-' £ ■ 'dr^? - ' nS al ^Ijl*^ O-io 
j_«_i i—ajJal o-j-3Ljlj (j^>- 4_u^jj£L!I 4_ii>JI u^^ ■ L$£\Jl>. jlI^. sl^^l! ( _ ;r 3 

j^t_t-aJlj jjLojjl ' - * I a i la pj i ■■ j II i. < i "Ijlj (-r^ Cf ^Sl>J ^ i i nil jj-* 4— flaJVI 
t < ~- a J I ^--11 p ^ ' ■■ j il (J^jso JaJLJajl jlj LXj Jaj Jai! >. « < nljjJI Cj (XjjljjS 
4_o~LJ (j-o aj-ui^11j 4jjI/I j-Aj Lignite CjjI_l5c_l! jl L<-Li I ot'^ «juJI iJ ^ o^3 

j^AJ-lLlajj^JI 3_aLc 4-a Jjy-"i i nj (_g JJI i_3jjj(JLI (_r\JJl («j*jiJI ^1 (J^»o (<U il—j-O^TJI 
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j^JJ {^fll jJI «lj-$JI ■ La a •"■ j >«-Aft3> 'j-^d C"^*") P _U, 'J 3" 2 - 1 (jt^ '— ^'j-^"k 
3jj>. (_^-Lc slj-SJU SjJjcoj .ja^JjLLo (jjj^JU fi-fri\ Qa-LLaj f»-*J (jaJjiU < _ jr JLc 1 
.t- ;.',-. Anthracite <."mi.iIj-uVIj ^ <i mil I jl». w -^'*I «jtiJI ij_j£j r«J . (i_£j-ijj<j 
!>LiLa JiaJj j»J3 I gS i i ■■ 4Jula CoeTuI oJUt JaJt-Lta II 4_lUx. aLulj . ljJ>- (JLc 
4_LJl_j_a_jS CjIj-jjijj *ljLlJ1 ^jJsjju jaj . faj%^j1 (j-* LjjjJJj 4j^oj t/Qj-m^JI (j-* 
l.~M I "I^JJ VI '*! Uljl jjJS- (j^jj-jijjual (^ Ijj-3J3 QaJj£L!lj LjjX. jl '^' a iM-l^Lua! 
p J "* j 'I (jr^ J"*"' I J-& JLjJlJoJI . U i . V> 1 1 jjlS IjLt Lai . LlSj LJ_jjj£ ll)_9^J ll)' 
< _ ;r jJI- LjjJjSLoJI (j! Jl£j1I jaSLs. (_ya <LcSL!j . ,J}L!oVI (jlr La- i >■> I j (j .nl j-aj j j*» 

(j^ (j^-jj JjVI 5Jljl (_^Lc cjjlcLj/ (_^j-II /j *",^j "* j^ j i (J-*- 1 ^' CJ-ajLs 
(jjji 4j.>I i^~^VI 2Lo>LUI &A 3_aL$JI ilLaJLl jLa jl£ La b?j .^jVl J^lj-ll 

4-ljI j i II SjLLI (j-flJtJ CJJlST /aJSiiJI (JJ^J (jJI <-JjI (jjjl SjJj^l 4jLjj«JI jl 

Ljj-uSLi-^ L\J I (Jj^aAll (j^j i^jLaJI j^jGj Loj?- ( _ ;r jtj . (jLLlII Ljj_uSL) "ilaLu/aj 

. *l_o^JI (jJ3 j-ajj V L$jl (_gl 4jjLij>.I fljj i.aj 4jjIjj* V 

j La- i'iVI 3'jj' sS a J^aLtuj Sijj cjjj>-j dJLI _oJ_j <-<l«sr. , ,.l I jLc. (jLlJJj 

(Jj>-J ^-JS LxtajS Cj-j-uj-C fOJ 4_a_kij_La ^ jj i *->a *jj ' a ' *J ' *~* "*" (j~* "Jr^J 

"iLLuaj jLi-JI I jut jj^SJ -ls» . -»l » sr. , ,.t I jLc ^_ijLcB ■ " < ' - I ■ —"■ 1 I ^<* La 

mjO nil 4_j| 3-Ij * 4j3j^>.j >■ i ( nLLa *Lcj ^—5 4jt_Laj>o J^SLajj . (jLijJj Ljj-uSL) 
Cjl_j_a-S_] Q^-^J Jv^ ^jLLjJLI (jl Jjzj .i>j^j JjjLlJI jLJI ^jLcoJ » * ' a I LuLolj 
w*-. .3 ' Cr^ (j nij1>Jl (jjSHI jjt jLiJI I Jutj .(«j*^JI (jJjSwi ?Lul 4jjLt 

J_Lc-(JLa_JuJI jjaj j^jol Jj3j . 4"jn it I JLj|j_u 4J3I LalJ I j J "- a tt j i r> I (_gJJI 
4_«_ij3 j^ja j—lTlSLi 3j-^d ^ lP^J'I Cj-SO (jLLlLI (j-a LJjjjJe^i-t—lljSLtl jl J^,l 
Luaj-II /j I c i." i » j j J j S i ■■ a JJ*j) («J*-i!l (]^a LuLLajjj (jjijjJtA J^ 4JJLLaJI 
jLua 4J3jj>-j joja^JI (JjJju (jl iix ; o.- li JjjN.I 3jjs jjl-il. J (jl ^ (jLS ^J-aL1II 
jLiJIj (4_a_L^J1 fQjaiAJI ^1 j La^3 ^ijI^J ' ! * I j**' ' ■• i raj*-ij1 (3jJ^ (jl LaS 4je-L^aJl ) 
3jj*jJvl CjLVaJI O^LLjlu nl jjjj .4juoj Jjlj_uj Ijj i n i I tulaj JJ^J W *JJ 
3jLc ^LLlLI Jj>.jjj . 1965 aLc c_iJtSLa (»J^ Qa-J-a <_aVl 3j_Ju£. (j^s J-i^l 4_La 
4jt^.LoI1 CjIjij%^j zl ^j^ Ij^uS t. m i n" /^jJI 4_Lal£Jl jLJI ^Jt^-^ss-aj\ <jvLLa ^—5 
jLiJI (jjj JjLgJI (jjj^kil (J 1 J J '^"'' (j* *I>^VI (^.IjJ (j-°J .(43-LUI (^ 

Ljj_uSL) (_L*^j Liiu jjs 4jx. i_j_lS_lI!I ^^ 1-^^^ (j^' Lilju (_gJJI (_p3j2l 



55 



(jluulllg OLigjS.i.nJI 

^j^* i (j^-Jj «La_Ld_>J1 ijr a> i>j_A (jl >, *1 mizj . «Lo*^J^_j_>J I * )UL>. 2I j-^. (jLuJo 

(j-a JLs-lj (jLuJJ (j2 i(_paj 2I CjLiiiJ JLLa Ij)aj>.jj3 (jl£ (jS^fl C"^ j^' '■*-* 

jl>. (^1 (_gj"i uiXI <_<£a£ ^>- (jjSLljj) t_^I^SLII ^°i 3^>-jJ.I ^ Lj-L5J I cjljLjJI 

/J^- ^£j£l3c-1 (jLS (_ll JLjl (_^>j 2l ^J>- (jl i f lni zj . (Lu^-o 2lj (JLLlU (j-a j-^p 
?Lij| 4-<-ul J-laJ j<u JL9 jLiJI I JUt 1 . ■ I f I (jl j^ajj . SLpJI 3l_Juj (Jj£ (jLuJJ 
(jLijj^Jlj ethane (jLiLjVI JiLo CjljLc. J>^>-j (jl • L»jlj_2_u-u!j (_p=>j2l 3j>jj_i 
4j? I j 7-"' '* ^j- w • j j La II jLiJI (_j-3 <LLJJs CjLl«SLi Sj)^>.j^ (j-4j propane 
/J-uiUi 1 jla (j_a ^J-t-al (_1! Lujj>. i>jj-»j (jl (jS_a_i-«L3jij-*_a cjL)j^£Lj_« 

5tj!jjj tijWalil jjt (jL^uj VI 4SLI4J ;_£ jJI ijjJL\JI (j 1 "j\>M i_£jj2-»JI JiaJSaJlj 
(JjlS (j_a /?-J'-" ' la aU| 51 1 11 1 Lai .(Jj^_LJL L * - l qj > » ^unn (-r^l ' J J ^" 

(jl (jJI-j j j S Jo. ^1 r - (. ij 1 11 II «o.jjj . ^ flLi a 5JL^a oJljLai CjLij^SLlLI 
Cj LxqSLj 3 t"i"»J. I J 1^>. I /j£ Jo_g_xJ I * i-LgaJ Ljj-uS_J 1 (Jjo* (_3 ?t^=-i-s (CJ I JU>- 1 
. UaMI ^^ hydrocarbons SjJ^jj^jijjll^JI j>IjI! (ja£j La-ijj .JJaV! ^It* <LaL* 
StjAU ^LSl metal carbides (jjUIl JLuj^ ( _ ;r lc «UI jjjLjj LjLa-£ oJjSij jls 
i _j>-^aJ^_j_J I (J_t-o2l (Jjlj>o ^j^ " ' a> L^J JaAxJ I <■ 1 1 "ij)j (j^-Jj <Uj£_aSj1 IjLA 

Ljj_uSLJLi 4^>Lkjj 4jjljjt>UI Ljj_uSLJLi 3j^ Vjf (^a . I jo. JU_o.Vt c_<j>a 
L-i 1 "Ijj^ „'"j" (jr^J ' Hj 1 -^ 3-^aJLa (jVI i.'it- j i^I (_^-iJI di Lb^ jS II 3Jj_L>JJ 

£^c \l ,%. "a-;- 1 ^ I . tl JU>.j JLSj . Lo-^a-u ^Liol L^J (jl i_3^jjiilj iCjJjjSLII 
pjlj_o ( _ ;r ^ Jo a I II j ^ ^ j j •"■ Cjl_jJij_a (j-C ' fl-uiS, 11 ^^ < j a. I -»■ i JUu-iiJJj) 
Ljj_uSLJI (J^. (^jUjso el U I" -^ ^ fj!j-a ( _ ;r 3 O-ljSw) CjLi^j_LI j>JLA (jl CjLlJj£Liil 
CjL^j_o (j^. aL>JI i I- AMI ^j$ t A uiS ' (j|-LiJLi-)< xLaj 1 "'J . dillb^ A It 3Jj_ii«J,l 
CjLajj-J^I (j-a 3 ?" ui a 4jjL«j£ J)lj^ (jr^J iporphyrins CjLljjJ3j^jJI ^ a 1 n" 

cjLLjLSLII (j^. (Jjjlaj j^-jj 2? L^JI i_ajijjiilj i4_pJI cjLijj£LuiiI 4j • ■■ A~tl 

j-lajuj (__ulj La ^Jbj i Lu^_u3 d La ■"■ * 4_u^ojjSjijJLl^J1 jl^aJLl ^j^** ) LuLJj .4_jj>J1 
«LaJaj2l (jja Ja-A^ 1 1 11 il A-i\ l_3j_jlj (_^-iaL>. p^oJ (j^3 Lt_p^j L^J (jl (_^jLa_p j_lC 
(J_t-£a_A_II IjLA (__3 4^jJI (j_a juj»a_) c_i_pj-UI p^oJ 7-j-tIul l_3^oj^jj) 4_o.^aJ^a-LAjl 
ojut (jl JJ)L>JI (JjiS i Jo Lai! I i>JUt (j-a (_gl (j UuaJ ajoJI (jSLaj Vj ( JUlj La_j£ 
ifiLu^Sj JUlj da-All I (J^. Cju^j^LlLI jjjLJ (j-a-^i-La- Lt - L aj v Ctr^ T u Jl^ CjIj-jjujI 
. •jL-oJI (J_t-sa_Aj1 ^Js (_^jJj_o LaS (j^_o.^^a^JjA_LaJU LaLaj (_3jj-»_a jjjLj ^JkJ 
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cUjLx-d 4_uj^S_u3 CjLlLi£. J* a i Q^J ' la axil ^jl ^—11 j-uIjj Cj 2i LjI1j>* 21 1 (^£-^9 
(C^s-aJlj Ojj-AjI jj-a c-tS^SJl I J_fl> ^jj^is«a jji^-j i-r^I <^^l C^ ^LxLjjtJl lUILJ 

^^^ ?r 1 1 <■» 1 JLaJ icQju j-xc ' la axil (JJ^^J (2>^ Ljj- 1 ^ - ^ ' 4-u^ ima OjIS llilj 

i. i I <* I (ji .iU ii i II i. i i .iljj *-«-><J lJr £ IjJJ CjLjj|j£LiI,I ojlgj (jl Jl£jJ.I (aSLx 

( _ ;r jtj oil shale i La a * II jji- i^ jjtoi" j^ie-i^j ^ • ■~" 1 i u-i i "ljij-ll (j-3 i La.a * II 

3JjH>J,l Lj_uSLx!l jj-o (^l JLaJI LJ^L^JL^ai (ji-j_u^7-jjJa^j-ZoBell LujjjixIL^ 
jj-»- , ^.tl d" , ^".rtl l_a Jj^LIal ^—ll ^ \J"-, U A'tl j^t_t-a x-a^_$_ij (j-t^.-Cj Lljj-jSJj 
, d A t" -» rt JjL-u^j lLLJ j Ljj j"iS ill ^j-aijuj ' " J 4nA ur^ "^-^^^^ ilaAxjl jj-« 
^.'-\)"j-*~ tiUj-jJ J_ujj-j£J| ^—11 LijL<i_p j^s_i-ajl (JjUjttj (jt LaIjl>.I 
SjLa z^-j-lj (jl ^j^>.2] (J-iLxujJI jj-«J ' La a III SjLc (j_« 4j i ^**' rt ' La Jj 1 LaJa 
( _ ;r 3 ^jji. al 4_ulj-fli^UI Ljj_uSLx!I -i j 1 ■■ 'j Ja-all I J 1 nij (_g JJI ' a La * 1 1 J d 1 qui 
w &J~' J 'JJ^_ J L)"" ' ' C"^ d o^'^*tl , U A * 1 1 t _ , ( nljij (jl ^jj * fc* 1 1 j .j-jjQJl 

OujSj jL9-0j^s_t-a (j_« * J J-*-xJ L^-^-II Ja-axJI jj-a (_paj 2I Oj>o 4J_lLfl> Cj1j-its_! 

t- *^-d S> 1 j" ' ■■*, I ■ la axil jLil ^jl < la axil j^t_t-a i-r^ Lj^ jlj&. 1 1 1 j-uQJ 4j*_uj 
L^ic ' _i j a '" 1 1 (Jx3 «Qj>o 1." 1 i'iLc (_gjJI JaJLUaJI (j2 Lgje-ua «_LLal (jjJI jLi^l 
da-axll IjLfli (_>^a-»J 4^-lj| (jSLfljj . x_^l_Lll JaAxll (j-o j-x»^ I gx9 (J'j^-°"lJ'j ^ 
j alaJ (ji>- OjjJI 4-axta 0-><-i j^txll «Lo ji r-Lj-^l tc_UI ^LtLj jLj'iil (j-a^e-J 
secondary recovery (_g^JL\!l pLvj'n.iVI 4xUj(JI ojJb ^ , ujj) . L>.jL»- . t- ATtl 

I ' alLq ^ «LLa j-uSJI r-jO-U Lj^-9 V I i-r^ L^ ' a ' ^ ~" L^SP^ ^ajajSxIl 4_ij jj^ 

( _ ;r ^ y-l » ' J (_£j_]LiLl! r'lj^-" 1 nVI S^Ljj (j^Lal J-£j Ja-aJ II jjt- 1^ ( _ ;r ^ 

^^ cjLljj_i£JJ 3JjH>J,l Ljj_uSLAJ 4_ul jJlII j-i^sLulII ^- <'■*< Lx^La^L-uj'C j i"i~ 

j_Aj iCjzl_>JI (■ Mr 1 ^—5 dt3j-aj » < U 1 j" rt-, U -w T 1 £j i tj-^j ' ii>nl (2A"^ * juVI 
O-iLi )<_uLi_ul jJ^Li. ^./j mi ^J-4^. ij-^" Lj^j"(\ ''I ^ji 1 11 1 2I j-aje_] !il jt^^ILa J-°' 

L_LJ /- j j ' 3a . «Lc L_Lt-saJ I Jij1j_a jJjjSj ^—5 CjL)J)j£LlLI 4_uj_Ai LlLtsj Jl^j 
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2<- I ;. ,-.tl ^J& cjl_ijj£LuiiI juuCLtl aI juV"i nVI 5JL^o ^1 3j_o~2l cjIjJLLJI 
(jj » " ' "" L#JI (»l '(^3^' ciLlLulII oju» (j-o 4_lL*c 3_jI (j-o SjLaVI (jSL^-i (J^ 

jj-A L-t^jiLII I JUt (j-3 Lj-SL^ LJj|jJe_o liJLL* (jl ,y» 3_oL«JI S-lLa-VI (jl 
C^^aJI ^j^> * > ^^ i ii 1 1 1 ^ n <-»J1 /- ^ ) Ojj-AjIj (JLLjJLI jLcj ' La ^'tlj a^&jLII 
4_u-uL-u2l JlljJvl OJUi (j-o 3j)Lo 3_j| (^^ (jriLc (j-taJi I vijjo* _aJ_J J lSj i "t I ( _ ;r 3 
SJsLLaJI a I JUV" i iiL 4-lC I i i r> 4_ijjLi_i^ 4-U -T~ jM-i- I *;;'"'*",' 3 ' *' w ' '* " ' 
(j£LI » j;^ 11 1^-vLul JLji23 (j-o J-ckal tlllJLS 4-uj < j<ll 3JsLLaJ| jl 3-JjJ-ll 
0jsjl^-« (j_a 3_}L3 2 I jjx. jj>.Lc ^4^ w 5 La * rt J-^ dl, ji r (-J3 ^£j in ill ^ ni-»J1 
(jn ii i tl (jl . 4jj|jj_o 'LuLJI <j-° J-^ La i. i j i n_i (jyiLc 3^-^ C"^ O^J^' Cr^ 
j ' ga -»**' 1 1 jj-o 'J^ * jLud] ^ jjl [1j£^£ (—5 jj-aj-a j^paj-a aL>JI J>I^_$JU /^_Lr>*JL 1 

(^ LlLLc ojj j*CII ^j^^"' (^a Ijut (^ic ^ySLuj/^lSLII Jill emu*, jlsj iUVa 

^ 4c:LluaiI ^ijj^-^IJuT^LLaj^JI 2<~l * - -^ T 1 Oul£j -iljl ning^JI JSIjl 
jj^a J>jj**t i n U /j-a-Xj-LaJI O-jj-jSjI aI JU>" t nLi 4Ja_LJj-o-4_uj_ijl LjjijjI t. df 1 

Sji^jll ojj-iSLII t_jL^i_alj_LLj/l Jjj-o (jL£ 1950 aI^ ^^aj^x^il oLVaJI 
LLj .(^jSLjj-o^I ojj-jSLII (j-«j )«_fljjL3 iSjujl*. t—iLiJa i_ al uual Jjjla jjjs ijJ-«jI 

t_jj^e_LI 4^*-j_L> jVjjJI (j-o ixjj^t^ sLujJlII (JjjJI Li If Ij LuLLajjj O-io 
ljr £ p_J>-LI <J-^'- , -" 0° ** ' '' *Aj-*rJ I <j " f U^o (_yi (j i iit'II (jl CjJL>.j JLa^ 
JLjJUlII 1—3 1 m~iS| (<UJ n.'iT- jj| (Jjj Jjj-o (j^ <_>-^SjJI I JUt j-i>. Ji^J .CjJj-jSLII 
jj-a ) a c a 3e i JaJLfl 0_L>-Lj Oa-Jj— tSJl ^Uaji (lA-li i5juJU>JI >■ 1 1 nl jjjl jj_« 
aLc ( _ ;r ^ r-LLiVI (j-SL!j dil i j i ii <i-»JI lLb i uljl ^yfl (_j^i2Jjl w j~ 1 1 (<sj .(jLojJI 

(jl£ (jlj JjJ^j- <_)-^-S-i Liuj n_^jj>.l 3j_o SjjJl>. oL-Ltaja i— a I uual jjL><j 1963 
(jj)L«_Llj cjI_Ljj_j_JI ^1 (Jj-><-i 'U-ujOjJI i-«I<* I i.^tl ^^o lj-jiij o^ *ju>- J^l 

-O-ij t"i ml JU3J .dil inm -»JI (J!>L>- lLLluj-jSLJI ^j^- 1 >J j 'I La »S (^jjs^al 
a!juj>-" i nLi djLi-Ljj j*\ tl ^j^ -i a. 2^1 LcaJ tUia^,-3 SjI i iJI 3_aj^U S^tjlj 
4-L L q- t jl dtJ-Ll JU^J . 4_ULLaj^_Ajl 4_ua^S_>JI C.<j^- J l Cjlj-jUjt-o JL>.1 <j£ <Z}U^j\jlX] 
Ji2j 2 « j JaJI ^ objj-iSLU 2JpiJ,| Ljj_uSLJI 4ajIj i^JJI <— ijlinVl (jlc 
-LiLo-l dilj ^ (_i!|JLI dJjLi jLSj-oj^LoJj K.R.Butlin. (jrtJj^J -j -tl! (jrtj 
iCjQjj-jSjU «U^IL>J,I Ljj-uS_J| aI Jl^-"1 i nLi ^jL>J,l (_^Hjt_a J-U3JSSJ » .iLaj i u ) Lul 
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sewage sludge (_gjL>JU (J^-j composting jj«a m'l I ^"h n i .." (^SLaj 4-iLjjLj-JJa^l 

d - ' ' a c LjjL<3_l^ Cj L j - L q j lj ■ , I U n <_ , , ,,-». ljLujj iN 11 ^j^ qj> jt O-Jj tS 11 
(_^aliellll «Lp-LJ (j-o 4->JL«Jkl Jju 4-i^L>- Ljlj_o (_£jL>J.1 L^J^ D^J • SijjJUo 
cLoj^LlI oLj-U <l J 1^ cJ-3 lLUJUj d j j i 'ij.ll I 4 lajl ta> Ci tm>J JLa^) 4_Lo 
^—jjj-^o pjij-ilta £_£ 4- xL q j lj 1 ' " i 3 * La (JJlJu ^—5 ^ j La- <a 1 1 dim nj_a ^jt Lii i(4JLa 
-^j-^L^-ll J L^a-AJI (—5 j^jj>.I 3j-a *^l > J '"' ] l_S^j_u ' a i '-J rt jljJLl cl^t-uj-J^Sj 
^1 jJI sLil^VI fjij^ LuLLjj-i JLaT^illLii.-. unSLJljgjj uiXI I '' a ' <l3jj 
4_ij>*^J^jJ)j£Lu3 4_lLul1 (^SLs-i 4-auc. d d ' a tfl llLI!} x-oj-Lujj>- ^Jj-Ojj iSLII ^j-a 
(j i^ ii sc i t, 1 i^j"'i ii U Cjli JjjJI (_^3 4jlsLJ tt j ii^i'i (jl (_gjL>J,l ,j-o Ojj-jSLI! r^J? 
4^jLiiji <Lil t~ Cj-4-i JLSj . 4j-iJl>. 2I 4JU-«J! (j-o 3^jjL>J,l JijIjJilj » j * i aj 1 1 (j-o 

^1 1 V, , ,,l \K n . J", 1 1 1 d if I ', , -^11 ,".! 1 1 a; II I jj'a i-.l^»*. , ,.l Li^La^L-ujSL; '""' ^^ 

m£jLj>JUj pjljJLl CjLjLjL) jj-* L$J j"iS ill j-*titHJLj ^jLLul r-LuV Ol 1^1 LtaJ 
Jl^j . I j S jj alj I j 1 nl (j-o Li^.1 ii^-< tLajselXI (JJ 3 ^' cr^ ^ J ' ' "* ° 

(^ 5_LSLxja 3_Lijj S/-l;,^< sulfur farming «o_jj_iSLll icljj» ^j^«jtl 7-jisl 
CjLij^III i.'mm L*^ i Masulipatam aLj! ntj-mLa JiLo JJ4JI ( _j^ 3 '-i- ^j^*; 

L^aljiel^VpjljJ.1 cIjLjUJjJji Ljj_uSLJI tfjdjj ^ jJI ^lliILl oLv^llJI Jji nnt 

J^ljJ.1 (jj^-V (jj^jJaJI jjLiJ! jjt-j^ljJI ^-(jliLllj .3jL>JI (jJoLllI ^ 

(jJS aj j U * 1 I ^jL^Jll » 'I ' ^ a A JLy" 1 11" j .i_£jL*-«U 2j Ijl^'tl £\_>JL«Jil ( _ ;r a 

(^jLjJ.I (^a 4jji>xII SjUI ,J1j*<j «LSl jJjlLI (j^r!^' Lc I i 1 a SljJli I JjjJI 

^jA-al JL^J . Cj L_L>. LiJ 1 ^_m 1 n**(t Cj 21 L>J1 ^j^** I /^ (jr^ J 4 L^jLtSLa ^Jj» m!u 

(_3 jLijI CjI \ 1 mi ^J)j-J ^jL>J t l * > I ' a rt ^j^** 1 (jl L<ii iSj-o* 2l CjI^ i i nil 
f^alselLjl p^_ua^_L 1 i" 1 11 9 LLq *Lij| ^jLLul /TL-Iji ^<~*- 1 i ' "J .^jLLlLLj I gj I * La I 5 rt 

3_jjL«_l^ 3^La 5jjl_iJI (jjSLj (j^>- i-dJij i<b 'I Lalal (jjS^j (_^l>- L^-al jl^" i nV 
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w *" I i-ua.ll (J^eSLII TrLul C"^ *- i ^-*-^ < — S J^"3 •o'-'i^' J' *— J i>^'' J-" 5 *"*j 



t_ijJLa Lut^l^j-butanol t;r lu3-uJI J^eSUIj acetone Q^ILu-u^l r^Jl r<" L*^ 
Clostridium a£Luj^jjjILu_u1 a^j ju^Iu-u^JS clLsL-u^j (jjjV^JJ j- l oj^ T u-a La ^-^LLt-a 
j-gje-TJl J^Li. Lx^.1 iir^i glycerol Jjj j m 1-»JI rLlJl ijSLx-ij . acetobutylicum 
acetic acid dJ j 1 aJI ^^ -1 a. rLlJl sulphite o-lj-jj-^SLII -^i^J-J u-^ c^3 s ^\ 
(j VI I ^"^ I '.-. jj£Lxj CjLstlill ojla Js (ji VI |_g LtiSlJl (JjJI j-*itlj Li£.Lu^3 

ijjj^HjJI «LcLu-a ^-3 4_j_uL>. *ij1j_c£ 4Hjt_i 4_ijLi_p CjLlLjjlj I g 1 --^ ) d tj^ , ,.tl « 
OJLA /tLjJI ( _ ;r 3 j_*itlll CjLlLiC a iXJr't 1 uJ oJljLa CjLc I i.^tl ( _ > Ajlj O-iL^ ^Ij 
^jl ^J j S ) (jl ^J j S * 1 1 jj-^-Sjs^^-a 5j j 3. > I ^jl '"'j^- d Laj uul] CjujLi_jSj1 
CjIj^SLlLLs .(j-ojJI I g-UC Lo£. ia-2j<- I :,^tl 2_p. LJI (j-o-oJ-4 j_«itlll CjLlUx. 

ju£j3 cjLlLj^, ^j^. jQj_uj Lc 3-Aj Lc^j d Ln cjLuiS ^—^ Lj_j1^ L^jL^tULa (j^^J 
(jl i_^=j LgjLoLi. ^1 (^Jl S^LUaVLi ij-oVl I j-fij 1 ^tl<-,tl 5 tx /s I ■ 3_j^|_Lu3 

-^ 1 ■■ a '■ jljLJJI (_, I r jLjIj-lil 2 r- 1 ;,^tl t_JJa ( 2ys (0-C.jJI (jit* 2 '^J^J Jk*~ 

jl^jj (_^JI (j ^j-"^lj^"H cjLjjLijSL!! » /7L1JI ^^ cjLjjj£LlLI aI jJx!u-u\ (j^Lt^cj 

.3_oLc 2 A , ^ , 3 j \l , V.al j_j^. SJL^o-L^Lc . . 1 U 1 1 

.j^i-V jl 1.1 1 1 11 1 ^j-cl i i<i J}" 2 - 1 O"^ *j j ■'---- ' (_gjLijSll! (jr^c (3-^J c^' 
Cj Li jj_JuJ. I 5-g.l i 1^ (^ SjiiSLi AjLa-*i 1 mj jjtj-icitric acid lLLujjijJJI ^'- »a.j 
(_gjLijSLll (jjfiiti!! ^Ir ^jj 1 itc 3jLa-,j^aL>JI J .^^11 ( ^ LJ^i L«£ 3_jjL«j| 

fumaric dljjLajjiill ^j^-i^J .^till I jut ^Ir J-a^l J^j (j? Jjjlbejij (j.g.1 T r k-> 

^j^ 1 a. ,j_o I j • j S j * ijr ^ tla ui-j? CjLjjL»j^ itaconic ^JLlJj^LIjVI ^^ ^^j 
CjLal Jl^-"1 ( 11I Lq j J J 1 LjjLsijS I j**'^ LLLta u-iut j-u_u_u1 ^j-a (J- 41 ^ (lA^J * L ^4 J 3 -<l Tr^ ' 

^ , a -1 >■ 1 1 (JJJ-A 77^1 t^J . 3_j£. LU-ilJ I pi I Ir^lj LjJ J~ I II^LJI ClLcl ilr^l (^ 

Rhizopus ,jji_jj3-iJ 3_cj_«^a_o ,j-o ■ ~*l jj, ta-fl 3JoLjij_i j 'C m tl j_i_aJeJLi 
jjtj-gluconic LLLu^yLjJI ^j a -1 ^ 1 j .^IjlII (jlr Aspergillus u"Wj>j.""'J 
^- (Xj-ll J-J^j-lJ 4_Llj_u^S 4JJLj-LgaJl ^j-S aL\ "r**t 1 iil-j^S^-L>J1 ^j-a ^j **' ~" a 
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jj^l>JI t;r L. Acetobacter suboxydans (juiJIjllujSI mi jUSLiymiil Ljj-uSLi jj Ljj 
/tlij 4JI Lij^jj (jjlaLjJI J .^»Atl ^^a Ljj_uSLJI ,j-o pj-i-II I Ju* Ll£j)l tn JJSj) 
^^1 lLIJj ^^ 5-i^sLiJI 2«j AaJI CjI j> CjLi£j_tl ,j-o LaLc I <i i .i^ (jl . (r- jj^-oLU^ 
^1 uJjip CjL^jJ.1 a'jJt, q] (j-ij«J ljuij .optically active Luji>* 3Ja uij tJjSwi 
<t_Lc. i_i_<ii£L!l (jSLxj j_al I jutj polarized light ,. , U ^~, ,„ll ^j.'^tl i_alj^tjl 

(j^Jj 4j_jjQJl 1 JL& 4_ufcLa ^"»« n/*^n LL& ^" j « dPj . 4_u_ul_La 4_u^_ua 5J j a> * 1 
. J>ljJJ oJUfc ^^ CjL5jJ_>JI c-ijSjj 4J3J> ^1 j j i"n 4J 2 iLuut^l ^j*-*; 4J <>lj-«-a 
r> Mil /j-^>* Lxj^ (X ■ La i ■■ ) *m£j_>J 4-x jL qJU Cj2iL>J1 i La i ■■ )1 L_d_t-a1 t_i^j_uj 

Cjlji *_ jjI Lg_i J <^"~j (jjj^SLJI 3ji t;r jt c tl! (jj^JJj .Cwxyz mJ ^ya qm 

till j (j-o Lljjj>. i_£LH 0' '~'»^*>~" ul tiJ-il jJj • W,X,y,Z(_g i(_)^=> i(j-u ij ( _ ;r & d ii I" ^c_a 



-r 



c _. 




u 



W ' J 

(^k: I (jJI j>J^ (Z) mJ La I . &3j>!l (Jjlu^a ^(xj w) j £-a (jj j-23 C^-O- 
4J3jjJI !_gj "i i ii a 0-30 (JjL-ul ^1 - U j j" a (Y) !_ys Lalj i"iJ9j^JI ^gj" i n a (jj^S 

Cit U3J lLLiI jjj . (JjLalLa j_jfl «(_gj^>JI I JUt (jl . (sLu-uJUL^JI 4-0~Li!l (j-a i»j^j_a 

:^e_J1 1 JUfc (J^. ' - >J $ La J 4jj^_t-a jj-uSLtJ 31j-a cLaLal 

X o- 
b- (V) 




Z 'tS w x J 
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ijlujjUlg ObgjS.i.nJI 

i^jlbtj j^jLi_j^ S-^J-* l£' tj' i -^-^ Ct^" S-'-O-yj * ' Cr^" ^ > ^ t g J^"" "" 
Cj Lc j_<jj5c_« jt) 4 n n Je a *^-i'j^ £-}j\-} Q ' ^**'" (tij"^' ^J-* ^' jD U5i>^ ^J-^ C?~^ 

■ 1 c L^-Aj— jjLj (JILa «LLjju3 dJLtS.} i"t\l n/sA" .^ - l"»^<* ^jLoLbtj L-ulj t L^lS 
j 1 "i -si, 1 ijr 3 (JjLiH-LI J-^- c-j^jJJ '-^ (J-^° l£j^*^"-^ (3^^ LaJuc^ rj JaJl 
<Lo-la ) jfl (j-^-Ij . 4-jjl i iila u < i n '<) (j-Ci!Lt^J1 Qja TyjJ^ tj^- 5_}l_C J 1 ga sc J 4jI_3 

CjLxjJ->J1 U-cJ-cl (jl *-S1jJ1j .^j-j^^I (JJ-i ■ U^'a QOjg^JI ^JL^I a JL^r" 1 uj 
^La-tluJi ft-uiAJ (-_3jju La ^—11 L«_ujj>. ^--(iILtJ (jl dJLl/jjj «uj L4IL0 j-J^. 4_OwjJ^_uJ1 

^^3 Cj Lj jj-SLjJ. 1 aJlJ-"i . ujj . molecular configuration CjL1jJ^>J1 CjL_uj3 ^ 
(Jj-ia^j Cj Lj^^SLlI 1 Q^Jt i (j I jj j 2 1 : (^-i-i-i-uJ Luj_ua ^ La 1 ■■*' 1 Cj LtSjJL 1 j-u-ia_>»j 
(3^^*° O - * L^J'-'h—^ (IA- 4 - 1 l -^J Juj (JL$_tfuj1 (3-uifl ^'-^-^ (-r^ <-^-> ~3^?*^ A 1 JJxljUm 1 
U^-LuiJ 1 * LuL>- £f\ " j j L^aJ I ^JL>.! iJJjJiJ Cjujj^LlLI (j 2 (j* " j j LeaJ I (^-u (j_i-sa_iJ1 

* Llc3lJ 3^Lc L^jlJS (JjLjILo J-j^C L>oLJ » JLlcSJ (^J^** < — - ) ^^J^TT^ tj' J - ^ (J- 1 "^' 

JaLifuJ Jl^Hjljj (3^Lc ^J Lg-iTuJ 1 ^-ulA Sjj-ua) ^ " J J ' ^ ' I (J-* ' ^^^ 3jL>-1j 3jj_ua 
i^Luj^cJJ 5jt-pt^aJ| Alj^JI ^jj^. Jj.^^tl ^^ LJLc SJjLi^aJl ^3 4jJ^Vl 
tjj-SLjj . «l1j L<j_ILo j-j-c Sjljjlc j-S1j-a L^lj ^>-\^ J^J-* ^3J* a U5^ * ^J 
3Jl_o^jJ1 <^_lLjjl11 (^jlj-LaJI iyJt 4_ujj£LlL1 (JjL_ujJ1 fib-ssLitJj 4_l>.jJ^_uJ1 (JjLujaJI 

(_p_4J (^r-Aj • Lo 4_o^ 3 I j ^", tl ,-,! ^1 ;,^tl ^ 5 j ij I U 1 1 CjLjjLijSLILi Cmnt 
dl j I <i »ll aJ I" i ii j i_3jjj/ L^>.LlJl (jl JJ-JJJ ,d ^ja ill CjLjjLijSL!! (Jjj I a i ii^ 

J_LJ>-jJI (JI_>JU I.* I I ii J 1 ^—LJJ-^J^Li! I CjLlLwiJ! aJJt 0^3 • L*^'- 5 ^-O-^J^LjJI 

CjLJjjsj^JIj alkaloids cj\ ju^IMI ^\c J ■ a -» '■ (j^ti^ iCjLij^SLlLI 4_i£ ajJj ^^1 

CjLjLjjJI (j^J 4jjJ^( I (J^=-<-U (_y3 SJjjJil (_JjJ>.2l iUjLjLiLaJI CjL*Hitl QJZ j-jjjj 

.CjLj^SLlLI (jjs I 3J^** J LaJe ' \^S LaLx-l CjLJl^pJIj 
Lglic I lu3 (jSLxj V S ^Lo r-LuV CjLjjj£LJi.I aIjlJ-1 i .il (jlr (j^Lu .i^ISLII JSilj 
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gLulll x^a i^Ugj^joll 

2_j^j_>JI ,"<! vl .'--.t I jj] » xlajlj 4j^_j_>J| ■"'! \l ■ V»t I r'LoJl jJt CjL^j£LlLI jj-*j 
L-a-flfl-i f, SI 1 jl j^jj>.I CjLij)j£Lj_a (JIloj ^_i 4Cjujij£LlL1 (j_a p3-> S 7""' * ' -^'3-* 
I JLs-lj ^ 1 1 ii i itl (Jlj Lai .3_j.sLc.j_lC. Sjj La- 3_tl_-_ LjL__~l oI_Ll__Uj . Lifca-aj 
(—Ja-o* (j-ic 4j»_lIjj . gL-ul i ii-»JI hj_u£_J1 J_l_> 4_jjj_t_t,l 3 ^a' -Jul i_£3-Si (j-a 
aj j I j 1. 1 nil d nilj 'ijjjj^' tJ>^' U ^ r J-*-y l£ J-" tiJJjLJ «l j I 1 ?' I JSL__!I 

(jSLIj i_ljJ.I ->__» J!lo ■»*." jUAtl I j__> <j-a 3_u___ f 1^-1 ijJLL_>j) Penicillium 
e__L-> __3j i(L^LL_a Ajir'ii.iU jj* . P.Chrysogenum jaJ-j^jj-ijis . i_j (j-ic. 
Jjl-jj^ I 1 11 i 1 II 2 La a j .SjLjIjJI i__L__iIjJ_!I «Li_l 3 Luxa 4joLiII C-L_-a-CJI 
L_fl> (j-aai—j (j2 4_».L>. ^M-3 j<sj (j-oj iCj^Lx-l-JI ^_j_ 3_ijJ-a-3_j^_(_>_'l ■"'! \l ■ V»t I 

^__i _)--_ ^-i*.- LLa> w ajS 'j .t__Ji__l J La-ill (___>- L$jJI LJj__.l __. Li£> jlj i L$_l_ 
t_tij_o (^yi I 1 11 i 1 II (jl __JI Sj I miV Li-di Lijj S j a 1 1 4_cj_LL__JI g| jh it- a I (jLa- 1 
' _i La 1 1 (___) 3jjj _lsj_~l Jl_ sLJl (jJlj ii_£jLa_L__ll Jj_lLj__JI (_--^ iljL3> w , ^ 1 *" ' "J 
Ljj— lTlSLi -j-^-J (j-o («-C.j-II (_-lc. ' i *-*r La j-l_L_j_!I -1 la C I (j-a l_L>-l_j <Jljj 2j 
. (jj_— al_>J1j tiJLLlI ^ ' ^^'1 jJajl) «L&1_>»J 4-u-ul i n~- /Q-gjJJ jjlaj-aj cLajLjj 
jj_a ^j) ^_a> t-Ia-j ■ ■■ - u-< i 1 11 I L_lj>.jJ^_ujj£Lus ^ 1 1 Hi ill z^Lul ) a" i <i) t-_ij < nlj 
(j-fljJI __)V)M---i (jl I— Lt 4__3^L!I jj-a^l (j-oj • LjjLa_p 9 1 j 1 a >■ i l_-»- jj 1 n«ll 
Cdl£ La j-tS ' aj__a 3_iLa_i^L_ i/^-u £yl 1 1 nijll 5x.Lllo (_y3 (j-^V' 3-a^^ - " ' "U 

,3 !■»"" 3-aLa 5JI ma 7t i^-ijj dilj j^ (. , 1 intlj .fleming ^-Ujia 3J^L^ 4j&ILu 
«_iIjJIj (^LjJI ij\l LaAJI (_ya Ljj^i ji^j . 5_l>- jJ^uj^LJ, I 2<~ I i.^tl ^^3 5JjjJ.Li 

' a j^" (jl * J^"~ ' ""' lO-3-1 SjLijlj jl I a-ilkc I ^J^" lS-^ < — 'W_1>^t!^' c3' ' m 
j A U*-.tl , n" 4_j_aju ' ^„ "''I d jl 0^ ' '"j"j .3jUJL>J1 CjI m ill x_a L^-x-oAj 

J j , -^ >, 1 1 » j U*. ,„". (jatja . (j_JuLtII J.^.^11 (^ I j .^.al jj i_ajjj/j) mutation 
3_LiJL>JI jljIjJJI jj-a I ga- l"'l (J-2j jl) Jj_)j mutauts 4_ujj£Lus . - < I j A U ^Ir 
jl j-l9LojlJ1 ajLoj CjIj-oIs (-r^ (J ' ^"^ > (jl * ^ I aj 1 ■■ - 1 alia 4 LaLaj (jU-uu-ulS 
CjLij^SLlLI CjV)M-4jiJ (4Sj 1 nil) 4->JL«Jll , . 4_t£^£. jljjs (Jl><-1 (jlj jaIII * S '' "~ 



jl jl 2 j y , . . A : . 1 1 ^^3 2< mi^Li jl mustard gas Jjij-JJI jLc. J!la jlj^j 

jJsj .Cj^JLI (j_a cLo^LUI Cjujj^LlLI (j-u j alalLiI j-aj>o jj-uSI 4 ♦ mi! jl LaL>. 

3jJL£ Cjl!i ^_Lj^>.^j-jj-S .» ) jj-a 1 " ) 1 1) dJa (. Ir ^jJaJI i>JL^J ^J J ' a >i 1 1 jjS-at 

5_aJL^"mil,l 3_uj|j£Ll1.I oV^L^JI J^j . LljJil La£ (jrd-uilxll r-LtJl (jr^ SjLjIj 
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(jluulllg CiUgjSUaJl 

d ij ' a rt 4jjL>o 1j1j-<_u1 I j**'^'**' i| JL«jj ' " ) m flla d c I * ' aJI ^—5 
I j •»■"■ '" ( _ ;T ILl I _j-4_Lo 4jljj2I _jl 4j^tiJI pljj^l jl ^ i u-aj ^1 1 nijtt r*Liil ("-yj 
j la )|J CjL*_3.} _ 1 c j, <a Vi'l guaL-u^j-cLul i"i a <_Jij)jJa ^—b 4-A]g3&jq Cj z^L*_o 

w I c ajlj>-"i ml jus J-*-j Sj ■;" i ii U 4^.!jjJI t—i^L^il (jSLj (oJj .(«_i!jJ! '-jLill 
LuLLajjj lJ Js Beecham *\ uu-u <*£j-<i (_^3 i.S-> J I JjjLkjj (jSLIj -J-^'j 3 ' 
jj ' aj| JS r-Qj 2 i4_jjLi_p ' a-Laja 4_^^J^_uj^S_j_« ' k^aj «Ldj^_Ia Ci£ jCul JL9 
^ 1 1 Hi it ^^jj>* j-ajj -cLiLiL^ SjLiLij I ^ Laaji > j uj -j^ . (^ 1 1 'in 11 ^^j^>J «LolL>JJ 

/\ u 

R-Nh.Ch-CH/ N C(CHj) 2 f 

\ \ \ 

C - N ch. COOH 

II 
O 

(jl 4_Ll*_« 4_i£.ljj (J'^^'j «U-aL>- 4jj-iia Cj2i^ij_u a! JL^-"i i uU £)£L4-sj .^jLJI 
•.(^ L^ "j-ojj' penicillanic acid dLu^j mJUll ^j^i^ » 1 1 aj (jiitll (Jj«->tJ 

1 ■ ■ - » v » - ^' 






s 

Nh.Ch-CH/ ^C(CHj). 
2 \ > ^ 

C-N Ch.COOH 

II 
O 

• Wj o'-^- Cr^ (H)-4 tiJLj_it <>SLIj (> I in nil j-aj { jmJu 4J jjl ,U^V 

/ " ) | ^ " ,". rt i ^j ja JljJjlJI /TlUJi (J^l * J ' " 'J * (R)j CjLcj_*3j5e_« jj-a 3jL>*1j L^j 

»l I r IJLA J-«-3 JU3J w *J.'^^ jj^l i nijtl (^ 3j>^>.j-o i." i i iijl (R) j (J^e-o 
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gUjUl x^a i^UgjS ;oll 

w*-.'^^ (lyd-mJuii <LojLLo i.'i**- j i^I JLS OuL^ e>-^' 
^—Ljv^J j_lj jj-SL_j_L I CjLlLjjlJI £jjo Lstjj-a 4_1L>J1 i, i 1 1" (_£ LLaJL^-" < ul JiJLJ 
jljs-I chloramphenicol Jj*^ j ' j * "Ijj ^ H (jl ^j-3 ** I Li^aJI ^^.fl <LjjLijSL!!j 
I g * '" -^j^ . ^ 1 1 ii nil jj^'^ Jjlj L^l i ii"iSl jq_i La ^jLcj-i-o /^iJi 4j^_j_>J1 Ol iLuaXI 
Ijutj . Streptomyces venzuelae ^Ljjj-La (j.i j ...jLajILij"..! O-u^jLojJjII^^I 

^lIIIj 3-Aj LjjLi_p «L>*Qj! J-U_aju1 (j-* (J-^J 1Jlr.it I Iaj i ■■ ) I ij\p *U tji L-aS 
cljhLiaJ.! JiLa dJJj «_oj .iZjL-ijj.SLlI.1 ^Iz. jU^.1 >Li 2^1 * - -^ T1 ^ ^\ 
JLJS I j'"* CjLHI O-iLS lilj .j_«iiti!l CjLlUjlj I ^".- I '. .^. j,^ ,_£jji.2l Mj^pJI 

_j£.jj U-^a (1963 aLc Ijjjl*- bl irSa 59 Jj^)5-l«1«JI j-^-lj-U j^a i.-.l-rm 

2 j I U-mll (_^3 3 _!?_!?->■ 3-4-lS O-jjI i_gJJ! jj* ^LujJa bjLC (jt 3 Mifrjdl ^1 

(J-Lia-se-J ( _ ;r £ lj_& (_L*-3Lj-uJ .SjijjJI ."<! \l ■ V»l I i ^.j^,^." jjlSLoVI ^ q] VI 

<LuIaJ I SjjLoIl ^j*-*.' Cjj-uI (jJ-II -llj-U liJij (^>^ Sj^-j^s *J^^ O"^ 



Penicillins mUnXhnnJI 

I ^ . '< , ^"j ,jjn i ii L^i^lj I j » A 1 1 j 3jjjj>J| ."<! \l ■ ^- 1 1 l j fja i ^. iSiTial La (Jjl (j-Aj 

(j ii II j -vj j i ill (j-o f l^j^l ^j^*;j penicilium aj j I j m i j <j-ui>- <j-a CjLjjJaS 
tj^l i .1 i j II (j-o (JJoj o^r!^- ' a-i-aj <j-a jii^l S jlsbjII CjLjVjJI /tlijj . Aspergillus 
^LUall oljLa (jLa <LL»C pj^~" •■_' LoJLi^. JLtS Jl>- (j^l i nijtl (jl (O-^-JJ •r*^ c lP 

. Lc^j (3^ . <-> ^j-a-Ltj i^3 VLns (jjSLj (^rlll Ljj_uSLJI pl^J' 3^ taj mjI-Ljj_uSL1I 
(>Ii.iijILi S^jjmi Sjj^p- CjbLUiA w j'a Cephalosporins ol 'jjj; mjJLajSLJI Lai 
ajLSj (jjJI Ljj-uSLJI /ajvLgj LJLc. (j-^j .j-uQJI ( _ ;r 3 Lu 1 u i ^-j-uIj ^jj-o L^Jj 

^j jjj j ...j tl A^C 11 ( j_ u _L>. j^a CjLjj-_La_3 ■ ^ * ' ' ^ " j .m£-}Ljlj1 £j\ I i n '( 1 II 

Cephalosporium 



polypeptide antibiotics QIAm&nJI tMU 2w^MAil«iiildkMt 

J^jjlj <i wi'il l^lm* j .Mj>i-I Ljj_uSLj jub 5JLt3 ^^-Aj iBacillus group ^.ilniLi 



165 



(jluulllg CiUgjSUaJI 

VLajtltJ J«t~ini" V i. .IrVl ^ OJK I jjj . 4ji>J! j! Jl>- t_i±u il .-.I Afc.;ll 
. *Ll>-jL>JI t-jj_>J! /7!M-C ( _ ;r 3 i r < 1 o «"i i ill JLai I j" j 1 i " SjuiJ p i n->JI ( _ ;r 3 LlL>-I J 

£yi mS! <i j tj-j-!lj gramacidin ^jj ,« Lolj^>JI Cjl^LUaJ.1 a'j-it 3 l"i ai <j-aj 

.bacitracin (j-ixJj"^ nntlj polymyxin 



Tetracycline antibiotics taJLMl&mailjmJl 

^^ 2 t^'a oJl£ lilj .broad spectrum ^jJ.1 3< mlj Sj^v ol >l ■ >>« ojut 
j_a L^Jl a***< < ul pLuu jJia Lb c\_La_tjj-a o"'J*" ^-HJi *LoLtJ1 Uj j"S ill *_a L^laLtj 
La LJLc (^lll Sj^JIUI 4jj_uSLJI ^jJjlI! ^yic SjUj, „tl ^ ^LJaVl *_a Jj^ 

!il J-i-A^A ^jla-jS C_i_l£j-J Ol Si LaaJU 0JI$JJ . 4_U_uJ)J-Ldjl jlalj-a^l ' 1 3» I < a!5 

> nil 1 1 jLaJj .^j^jj^Jl ^'jii (j-° ^3^-* d i ' ^"' rt '"" ala. f-Jjl (j-° O""? 11 ^ '— ^"Llj 
(Chlortetracycline ^ _i Kj . JjIuj^K) aureomycin (> nijLa^jjjVI ;>! jLa-"iml 
<_i tail (^ (Oxytetracycline ^ Kjmlj^j (_, i h^jI) terramycin jj\ mjLalj^Jlj 
jJjLuIuL9ajjjt gj im i n i LaaHjjIb-u tp a i n" (-H^' *— "'J ' " iLaaJLu^ 21 L^jLu-aj ia . a Lju 1 
joJLjj . ^I^lll (^^L. S.Rimosus (jjjj-a-ilj . jj j Streptomyces aureofaciens 
. £j\ \ i ni til CjLuiSJ «UjLiLa CjLuiSj ^ojJi ' £> '**' '1 



Glycoside antibiotics £lf M J£&«JUf 

t> Ii.iijII (^Lill ^g^jjJI \l .v.tl jjtj Streptomycin & , .nLajIuj-^/VI (j? 
actinomycete (jjjjj-jj^- (j nj . .MLaa2bj"ii » :i."m i .nLajijIi^Vl 3j=-lu da I ui&l (^ 
3_LjJaJI J'.^j^'a dili «_aj i^lmiitl <j-a S'ljni ji£\ j^' >*J Streptomycic 
ajL2j Ljj_uSLJI qjz Lcljjl («j>.L^j 4JI La^ OJ-^' /T^-^ (^r 3 'Li^slie-ij ^ - 1 J 
. 4J J_*JJ ) S i ii tl CjLljj^n. jj_a ^ ^j j se 1 La_i LjjLa_p j-ujllj 3-Aj .^ 1 1 n i ill 
^u^lj^ jim i n iLaallijIIu-a «Lt_u-£UJ ^-*- tU '- a 3-M>-"- u ^i *— t d>^ O^-*-"- 1 i-^o_j_(J 1 J 

j-a j^alLa-! V jj*j i4li>. jSLa-i ^La 2ja mtl ju J-Ju jj»j Streptomyces fradiae 

(jl-^u^^^J-iJI er*^-y-3 • jJ->ilj «Ll>52| ^JJLC r-^M-C ( _ ;r 3 jaj^ 4JI Lo «Lt-a2l 

j_a j j'a erythromycin ^ i.nLajjiujVI La? ,5x.jju>J,I a'jjt ^1 Novobiocin 
^jJjlII r-^Lc (^ a jj-'i i iijj i4cjjijJ,I o jlgJ SjLulj 4jIj^ jj 4jjLauSLII 4_p-LiJI 
.jun n iLaaoj j-i-u jj-u-bw j_a p'^Jl ^7""" »-4" ^13-Li 0JL&J . j^ 1 1 hi ill AjLoJ C^ 



166 



. *Lc LLt-£iJ 1 (_£ L^-al JL^-**t < ii z (^\_*_uj La^IL]jIIj_u 2 1 

Polyene antibiotics wUmnJ^mJI 
(j<-al"nril 2-jj>S CjL^j_a Streptomycetes dilj". inLajIuj". nVI ^j^»; tcIL 

CjLiLi^VI r-!>Lc. ( _ ;r i O-aJLy" i ill J-JSj '"'I Jj LaAll JLUs <tlLn3 i JJ-*J (j-o I 

,(_JaJ| j^a Lc^jJu Ltjii^I _9-*J nystatin (j-Gl" . .m ill J o uiij . 4jjJaji!l 
Unclassified 4ri£«* jnC «$»■* «UUi« 

J 1938 (—aLc ^-J ^^^rH^' ' s ' LaaJLI jj-* ^LjLaj lJlJI £>C J-^jl-dJ ' - *J 3 

(jl JjtI mil (jjsj .^jbclll rLlJVI ^-j- cr^l 54 Lg-Lo Jj^sj jlsj . 1963 
J-alj-tJIj . I j '" ^ i 'ij^j-ll .-J \l ,%,t I ^jj o_>J,| ^^.iSLlj i Lia Lt-Lgjv Ltjiju 
. ^jLLsj-i-aJI p I^j I ^j^* i j^ o <<~* <_ 1 1 1 im !il «L*-aL>. 4_uj_a1 Cjl!i aIjj^U 3.}Ltiall 
t 3 j ^ in II juj_Ju-Lg_Lo ■ a uij^I La Jjt-actinomycin jj\ mjLaj-Lu^l jl^j 
^ I r Ojj^>.I (.^-i-ll iiLaj^/l (jSLIj . Sj j j£ 2 jt-r* SjljLs <U Ci i ihIj d "«j;^; 
Sj^aJLLI CjLVjJI (jjs mitomycin jj\ ...jLa^H-jLII (JiLo 3 j g m Jjal CjL£j_o 
7-L*Jjl i_y^ju ^l Cj.}| (jILi^j i. ill .jLsoVI <j-o olivomycin ^r* mjl ^jAjtjVlj 

(r-Aj . Lt -L«3J > . CjLojJJ 0JLA Cji**(J i n iLa^-LuS 2I (j-* Cj2i^L<_u ^iILijJ . ^-N jiK 21 1 
(j j 7" 1 * Lj xJ S j 'j j Jj 1 1 ^j^-> a> d d j La a x_« (_L>-1 JlUJI (J^L>. jj_« ^J-o-t-J 
.j^sJJI ^ *&^t~aj 2-pJI Lj^LJJ! CjLJjSLa jlsJ jjtj 1 (ribonucleicacid RNA) 
t(Jj£j ijiialjjJSLlI I j * 1 a j S j ll jjj-" 1 11" (jj-II (_gj^>- 2 1 Sj^pJI '"'I \l < v»l I Lai 

L«t£ LjjL«_lS sL>.Lul *£u (_gj-!l JljO-jJI j-Aj (_£J-U »_<_ul_5 (_g^o~ \l ■ v> « jj*j 
(j-js j^i-l /tjLJ J-*J Cycloserine (j-jj— jjj LSLi-mJI L^-Laj ■ J 1 "k ,j-o LJj-^^ 
^ a 1 fl ia ^J Jj >i 1 1 jSlxJ (jt c^tjj .^jjjjl /7^-C ^—b j*_3u ^ uj i n iLajILijIIu-o z 1 
penicillium griseofulrum ^ a I «j j j-J>^>- ^j j I j 1 .. n ^ « * ■ aj jl griseofulvin 
S.griseurs ^yu^-^j-^y>- -^j-u ^ in iLa^HjjUj-u^iJ /^lilLI >Ia-AJ 1 ^ * * t * 1 dJJJL£j 

JlLa Cjuj-LanJl «Lt-aLit_)j CjLjLujI j^palj-al pi nnia JLua (JLjLa ^LtiaJLI I JLAj 
(JjJjLLII Lol .5x.ljjJI ^ 5Jl!Li 4^ija £tlj . I, I i.aj|j ^ jf jJI ,_p3jJi.l Clil iima 
S-Lj-SjJI (^ j j'a Streptococcus lactis j.il^ (j^j^jIjj'iii sLaHJuj inisin 
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-, I . U 1 1 >Ua^ ^£ ^jjr'i , nj JLSj (VJ- 1 ! 

j_taLa£. Ltj j"n i LS lil 3_j^_j_>J| ■"'! \l < V»l t jj| (j!j_ji.2l jJ^ITLL! tu^jjj 
. I uaM a I »Utl >uA-^j icljjjl ^^ '"'I iLuiaj LgJ (jLfl (jjjLiJI Ljiaju-i ■■_' Sj^tjj/ 
(_£ ( __)Ia3^j paals^a 3-^J i tl)'3ri- > ^ ' flLt] CjL^LuaLS lLLJ j& Q-QjL^-**t ( ul L$jI LaS 
J_l£|_IJLj 3 m j'jJI 3_aLcjJI ( _ ;r jt 3_j_5_i_>JI Cjl^LUiilj .(j^aLJJI Jj-aill 
LaS I ^ *^J ' ■■" (_^£LajJ L#J J^aJ^a L$jI ^-Jjl^j ^j-JI 4-a£ I * ' eaJI L^^aJ^a-ujj^N j git 
4-t^l * i-oJI '-■ ** > I ciiJi i_^-l^-5 *-~* " ; A ^ L> 5>Sw)J- ' j» I Jiiejjj/ L_i 2«* I i<^»tl I j -»■**■ '" 
(_^iu_AJtt1 (j-«J * ^)^3 J ^i5TH >, ^' ' si <^tl ^^c o-r ill (J-u ( ii /j£ cUjlLs 2i lj^si 

(—3 ^ j 1 o ***( i n^-l L i ( iil_La ^1^-Ll 0JLA ^j-a j '"-^ (-r<jl 0"^" Lr^ -5 '-^^-^ L)' ' ^> 

^.Jjj . (jA I i ii i j II : Ljia i ^ .'J'O La Jjl LtjjiJv I jl.V/aT jj| La^ t ;»L*JI l_JaJI 
j.i% 3_usLit_lj i-ll j" in jLaj-L-Ll^Vl cLjai^Jj La dUjl£ 3 ui frjJI (^Jl 
(jl ^j^* * ljI 7-jJLsI JL9j ifiLjj_j_>J1 CjljLtiaJJ ' kjgjfcjq jj-a ( j_u_u_ujLa^jjjItj_ul 
( _ ;r 3 j'nt" (jr^' '" .'Jj -^ 4_uL2jjI 3jj_a J-^JJ J^3 3^0-pJI ."»! vl . '--. t I r-LlJl 
^IjJI IjLA I La3. (^A-^9 .4j>Hj! Ljj_uS_] x-a ^j^Lujj t»dajj Ljjfl M *" J 4jjjJI 
4jjjj>JI 01 'I ■ V»t I £yz I jjj jtjjj V *L»-L_JaJI ^j^ Cli[jefj£uX\ aJJt (jl ^^ ^ I •y'j 
. Ljj_uSLJI (j-a Ljjlj-o. ( _ ;r 3 j_uQiI Li^L^ JJ-JJ La 
.-J \l , V. 1 1 JJLa ^lj_a r-LLiV CjLjjj^LlII 4-C.LLuaJI JLa-j a JL^'i i iU cr^>- 
(«_^_iL3 (jji_aL>JI J '^ a II ^^ I >, I ', .-.. a I '. (_yj.II till Lj a LxjjU I jl 3_^o_i_>JI 
Jj^jptHJ L^J^ajL^-" i n i (Q-Aj .4jjLa_jSJ1 ((^l^aJkl)) ^j-* ^y^^- p3~" L^j^a JL^-**i i u 1 
(j_a p^JJl 1 J_A jj-a 3j-_tJLt-a ^j 1^ ^ ^/| ^—jfc Laj .jl^jI (^^^u i^\ ^LLjjla 3jLa 
-ll i ul. ii (^ CjLjjLijSLIIj CjLjjj£LlL! j__v° (_p a!jL»IujiI 4l>.j-a «Jjj (__,S>J Jgl utlll 
(jj^Sij JlLa ^LlS (__^a iil!!i (__ T i^. 4j!lal Li^jL^a Jl^J .3jjLa_iSLII Ol JLjlselijI (j^s 

(<u S^La ^ If ^Lj Acetobacter jJI^Lij" j . ul t_ijj^Lus ^1 jj-" . nLi r- (j^-^Lli^ 
2 j c I LuaJ I dil i j I 1 n'ljtl r-lljl jl (,j^aL>JI J lha1\ j lajl) LjjLaj^ I ga-L*tJj 
3j-uJLI Cj 21 L>Jl jj-aj « ^jJLu^l i ni ill ^j^-> aj> <j£ ^jLa_jSJI j-jJuJI ^j^** I ^Ijj>*Lj 
^j.a 4 I 1 11 1 1 11 ^^yS 3jjLa_j^ jljji^ CjLijj£LlLI Lj-i^ C^a JLa-" 1 ul (^ylll t_lL*X.^U 

jLjj^j'i.iVlj . LcLu^o Steroids diljLjjjj'n.iVI ^-Llj| SJLiv 4jjLijSL!I CjLajiitl!! 
cjIjjIj LjJ ^yl!! ergot alkaloids cj^vjVI cjIjojJ^ LjJ (jJjVI SilaVl oJl£j 
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gUjUl x^a i^UgjS ioll 

j la a 4_*_j_i_LaJl ^-JS I ^ sgj * 'j i4_u_u_L>J1 CjLJ^_aj^Jl ^j^* I CjIjjQJ 4_$jLcu^3 
LiLoJ iijus- jlsj •» ojlil jU Atl I ju» jajj-L^jj-claviceps (j uj i n/q^l^ (_, « i nj 
^jjs.^1 .-<l^ljU.v.VI j^a I jjx.j hallucinations (j^j^J-gJI <. mi.ij j-^jJI Cj^I 4JI 
u^ iil! j£ ergosterol Jj^j"nn^>.jVI S^Lo J^j-jjj .(jjLLII <j-a 4JjLu <jjj jJ^. 
(jLSLoVI (_j aj-.-J Lja-LS-II (j_a 4_Cj_o^>JU 0J-£-i ^ g-u "■ 3.}La ( _ ;r jtj-3j_L«j>J I 

jjSLIj .(jjlaLjJ! (J-i^a-flll ^3 Lu'j L«^ -i (2r*-°^^ <j-lj L$li9- :>, - 1 _9 I g ,^.\l ^.~, , ,,l 

jj-a j^«'l a! J^t_ILi_u1 jj-* <— t i>^ { d^ J-La ja_l La d i ii itJUl ^—Jl j^_a2l (_£._}) 

dil jljj^j'i h^mJ (_gjLijSL!l i_j-pjIlJ! j-^j-«j (_^s Rhizopus (j^jj-jlj CjLcjjjj*-a 
jjjjLjJI t_JLcl * $ a* jJsj . LljIjj 3JL«-3 cjLJj_ojj_a ^jl\ L^Jj^xjj 4_uLti!l 
o j"tl jlsj i adrenal 3_jj_LkSL! I SjJlJI ^^ 3j_«iiill Q^ojjjt j-Aj (jjj_ujjSL!Li 
rheumatoid J.^l A^lt ^^J.uLaj^JI i—iLgllVI iJ Js i alala r^L*£ 31jL& 4jJ1jl3 
3_iJuL«i! ijjLjialaJI ^jJiJI <j-a 4Luxis CjLl«SLi djlr Jj.^^tl ^^SLxjj arthritis 

iJ jt "j;^ «-" j^a ^j^i-Vl 3j_l^-jJI 3_2jj_taJI duL^ 1949 aLc <_,-3j • !M-la 
Vj -- 1 j A , ^, 1 1 £j^a (_p3l_«^>.2l JLj>.| w I c 312xuija 4jjL«_i£ fljJaj* 37 *!j^>-j 
4Sj-«I/ (_y3 (jjIo^LJI i ^ uiISl (<u ! <»|j^>- J^J J^ 3-^ ->00 3 SC -' p-V £ LL<u (j! ' ■ l^c 
(^ j_uQll 4-iSLaj (_yujjijjlj (jl 1952 aLc 3jl*jA! CjLV^J! (^ Upjhon Q^^j' 
L>oLi « * i ^j'a Progesterone ojj" ' " >Jj>-j-H (j » ' "J jj ' "j a ^ i nJo. (jj-ajjji 
(2>SLol J-J3j) ' La S '"i <tjjLa-p tliljjaj. i." 1 1 n ( _ ;r 3 ^jj-ujjSUI ^1 4jj^>o (jSLflj 
CjLu (_yS J^j-jj diodgenin jiijri "jj-^ (j i ' "j ^ij^a (j-a ojj" ' ">Jj>^^ ?T^-"! 
j&Ij ^M-i^sl QJIj"" ">J>^' c^^ (J j i ^ -»J I (jLSj KiJj^JI aJI^» ( _ ;r CJLj ^Sj i nS a 
j_jjl_iLj jj^_>J! liJJ j J_La CjjJjLSLjj . (■ La "*» Cj Lj I j J 3e 1 1 4 j i ni->JI JjJiJI (j-a 

(_yfl 3 j i .M*ij 2 OJ.QJ Neurosporal Ijj j i ..jij^-uj (jjljjjjIj aI jljt"h ul ^£, 5iSLt 

4_l3*Lj ^j-a ^ ^j^ La Ha .j^jj>*t (-Jl «UjLa_p «Lu_A ^j-* CjI JU^ j**t < n 2 1 Jj^so 
SjjJl 4_t-a^ij>.j j^S^L>J1 ^j^* i ?«-a ^ilLa j La -^ ! I i."i i m i u i jl ' d Laj i ■■ ) t JLlLI 
CjI J_jj^)_u_<_u 2i I i^Lj-aj zj) <Xi^j Ci i ii 2i 1 t. qjgj i n a ^-1^. ^^oll^tj ^-jl JLC i la i uaS 

(jjsj |JL »J ^Jti-tl J^ ch; (*5 • (L^j^Lajj-u! (jr«^-y till jJj *U! (^ (jLijJdl ^1 

JlJJj j**i i h /^-I] ' j ' rt cJ^xj JL^J tcb JLlJj j"i i ii z 1 S^LLI ^j^'-^**' i uJJ L i ( uLLa 

v2j|jujj_ujjiV! (jjS^ jlj .4jUI ^ 95 SjjjiLU! i2jVL>JI ^ j_Lu 3 j . ..'t JjJl>- 

(_psL^>.VI «_La ^fl til! j^ 4jLaLi L^JLa Jj^sLoilj AJ_uLajjJI (_p3lj_al ^J°i 4jlsLJ 



169 



(jluulllg OLigjS.i.nJI 

Lij>»^J^-uj)^N jolt Lal_A LJ1jLu3 I JJt> (j^-J (jl (jS_4-ij ./Q_ill JjjjJa (j£. u ft"* - ' ' 

, d .,-»!! U", I I 

^^ LtljjiaLJ (jjJI cjLLusLLLaJlj cjIjuj^j" i uVlj 4j^-pJI ■ -'! \l .%.! I ^| 

L^^J^_ljjj-S_lI1 (_3 TtjjJU ^LjLa )\J i a rt ^Jii-4-i (jl (j^-4-s (j-u_«L>J1 (LcaA!! 
JU. J^^rLc dJLLfcj .J^Vl ^JLc SjjIjJ-II .-.l<~l Lt-aJL Jjljilj ^ '. 3^1 Lt-aJI 
Lg-J-3 AjLJr-" i ii "j iaj-jJI (Jlj^o 4-j-g.l Lca-ll Cil j I mil (j_o lj_uS j_j£| JJLC 

,j_a I *j < i.v.-w" jaly iLiiill 4 i n"i jIjjs dextrans CiLiljli.i^jdLa .CjL>jij£LlI.I 

cIjLlLx. (^3 LoJ^LlL! Jj! Jj£ L4/5! jielj-u! (jLSLaV! (^3 (jV 4.4-iJS (^aj .j<mtl 
ijjj "i i hj-ij-SLjJ j j " S. j I 7-1 <i i ii ILi 4_c.UJ.aJ I ^^ I *j j i a — i fUJJ .AjJ! J-Sj 
(_^--j . (_gjl_«JI j*C mtl ^ jjQJLj Leuconostoc mesenteroides j jujj-uJjj-lo 
(Jj^j>o J^c ftjj 1 1 nil <_ij-j 2 1 L^_La ^j^* '■*-**' i ■■ 'j uj j"iS til (JUS fCJJ (jLo* 21 ^j^->* ) 
JL^a^M j j i a -«■" /<Cljj . <LlUjl!! ( _ ;T Jx. 3jJa-uJ! ^1 (_^-J? I j-* (j^ ' J^ '"^ 
(j^ ''^J-*-^ (JjjLLII 4jL«j>. (^ Ajj-" i n" ^^^((iJISJ! J LaAll j taJl) S^LUall 
jq_j CjLj1j_j_>J1 (_3 4_j_>J1 Lj^ j"1S ill (jJL^j-(j^^LLuJLS i(_palj-«t j I la 3» 2? 
0j_j& I j * * ' aj (jH-Jl 3 " LcaJLt aLlo>VI (j-a '" J ' *"* ""**''■■ rt /j I c Jta ' a >i I 1 
ix.ljjj-JljJll ^j naj ^Ir -Vaccines CjLvLiiDI ^jiaaj j&Ij L«£ .CjLJl^pJI 
Cjlj^)-S_j_L1 0JL& (JJ^>> iU tpjlj-o jl 4_]^_al_a (J_ll^£. (_J3 4_j_LajJJ CjLj^LJj 

I gliL> jijj-i^. (^SLxjj . - < I j j u 1 1 ju>.? ^LuaLi j I (j^ ' ' i~ T Lj La I SjLxis j-^c. 

\jl*.\j j£'l] (jl (j-ij-y (jSDj ij»L«JaJI lJ J2 [(ji'^-n_\ J <t1 1 in Li^ (j-Ja Jl <n*i i »1 

.(jj^LlLI ojut 3^-^ aj £"J^ cjL»j-il! (j-o (j^-21 jl 

.4_j_>J| cLy 1 1, ial plj-il ^-j-«^>- <j-° I j .^.M -^"i . ..I (jSLfljj .Sj^pJI 4jjLijSLII 
MiLa amylases <Zjlj}Li_oVl (jl . I j j •■■"'? 42jLijj£LlLI 4j- m'lt (jjSij La Ijji^j 
(j j a) 3jJ-" =Lcl_u^3j ' fl-tlaJull (JL^o ( _ ;r 3 a JLy" i n~j I ui ! 1 1 (JJ-so CjLxjJjI 
(C^LJJ • (i3j3-^' ^-^1 ' '<~* (_jj-3 4_a^V ■>-"( i n U <L^- i ii l 2l (j_a I i ii i tl (jlj^l * <JjU 

Aspergillus oryzae l£>jIjjI q" ^J>J.""' i)'"~ <j-° ^*** tx^JI ^ I ^j j ■ a -«■" 
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genous Bacillus Qj ..I . ..Li qmJa (j-a Ljj_uSLJI (j-a jl q ni-»JI I ju» ,j-o oj-^-J 
CjLill S^La^^ j^ljjljintl (JIkj (_gJJ! (<ujj^l j-&9 cellulas-jVjjIjintl fujJlj 
L&lS *_ij V (jlJI aL>JI jIjII Jj^j (^a 4_La S^LaVI (j-ij-y (jL^-j^K mil <_,]! 

ijk d^ 1 * , ^.11 ^J$ aJL^-**( i u i «U (jVI (-j^>* 4_tSJj l_&j_j_aj»j (jSLaj CjLssILLa (_JI 
Aa_Lj_u_LJjj-jLa (JlLa <- i i u se U d ' d * 1 1 ' " « I Jj la d ! I C^jL£ (jlj 4*_*_u1j JjLLaj 
j ■* '"- Pectin (j-CLSLJIj . (cjLxjjjVI *'' * i_P-° cr^ lSJ-^*^ Myrothecium 
U a 1 1") CjLxjJjI «LLL->o (jl (jSLajj i JL*j>o (^j-Ll (JJi^J 4^iLiII ( _ ;r 3 (^yJLu^M-jjv 

CjL^jj-jVI ajljt" in'j iSjljjlc Ljj_l1SLj I gjJLcaj Pectinases CjIjLLlISLjJI 
3Jlj2 4_«_2_i_i (jLlSLII sjt u »"j .4^lj^JI j j , ^ w ~ d-uTLJ ( _ ;r a L^-Lo *j .>>-»*■ . ..t I 

CjLiill jjiajjju (JjjLj/^I ( _ ;r 3 ( _ ;r jt S SjJLlLSj 4-lUx. i—SLJ^I f.\ O-ft ■ ulj CiLLliSLlII 

'"'L? '^ "-"' '" " Vi 3-J-2JJI pjlj_LI ajljt" i n" Vj . 4_jj_l1SLjJ I cj I j LLuSLiI 

. (_£JL<12jJI .jt U»~tl J , ^ jj Lajjj 1 2 c I '■ a 1 1 (^.a-plr I La jjLS ( _ ;r Lc-CjljLLuSLJI 
(^ a jj-" i n" (_j-Aj . CjLLujj-JI (JIjo CjLxjjjI proteinases CjIjLLu^jJ! (jl 
jlLc (j^Ejul «Li_l^jj (j-uj^LlI i ^fc*" ju^. (j-ujij-JI f-<2-> *"l3!j 'Lh-^' d j^*" 

<tc.L>jJI j_Ll3 (jl_aoj>JI -i^L-v (j-a jt i"illj (^yjvjLiJI (O^till l_tjljjl/ 3Jljlj jjjJI 
CjLtaLj. 3-lljLl pjLtuJ L$jl (J-i3 JLSj j-ja-i^aljl dll i It" i .^(j-ajj-G^Lj-yJI *^l3lj 
(j-a L&j-Liiuo ("UJJ . «l Jijj^JI (j-<-«JI CjLaJ^ CjVL>. (^ Lo^ CjLaJlSLJIj AjJI 
. ^ u I I j ^.j i < ill ^ ni^. jj-a CjLjjJa^JI L^-t^ Laj Cjlj^j^LlLI i ojllsb rt J CjLjLlJjI 
jjj^illj jj£^L->JI ^1 ■ ■ i^aUl j'vi.i J^»j (<s-i>Jl j j' a InvertasejLl^iJVI Lai 
(j^LJj ^^ c I ' i a ! I (J i u ♦ II «LcLu-a ^-5 aJLt" < nl JL^j . 3j-uj_>JI jj_a j Lgaje-Ja 
3-lLojJI OJLA (^j -(>-LII i_JJI i^jl j 4jVjSLJJI 5x.I_Lu3 ^ 4_al jitLj,l c r ^cl 
. fC-lj-l 2 I /jji^. ^JJ^t-l t. <l <^-> (J^S < u (jl JU^ U-5 :> ' ^^J^ '"'II ' ^_ *" cLcj-i_uJ fallj 
(jl J LaJI (__5 jl_jj-_fl_]^(l .fQ_ij-jl a j 5 I jJlL*_ujj JLa^tHJ 4j 2i^N mi II i-iljJ Jjljj 

«UL>- (_J| (jl JLLflJI (J^_>0 «l^t_U_u1 (j^SjJ » d . I ^ ' rt jS\\ 1 n» (_JI ^S I nil (JJ^tJJ 

.4_uj->JI «U^_u_aJl (j_a 
(_Jj^>-l 3j_a LJ^Lcl JLJS <Lic I LcaJI L^j.^J^u jj£LlL I (^ LujJU>. (jl jJLjjj 
4_ljji_ljjJI CjLjj|^£LlU itiLLa (jl JLjSQJLj j ) "^_'J A I «JaJI ( _ ;r 3 j-iSLajJI ^1 
td"("y (<-»j <d * La * 1 «LaLaILAl JU^J C^ ^*IJ i-j-^ I J-aLc (jL_uj V 1 I Jj'^ (J_t-a^t_] (^^11 

S(_gj mi j II (j^ii>JI ,j^ (_g^L«JI r-Jij^aJi! 3-jJj^I (_Lclj Mill ^^ o Jut I.". i.mII (jSLIj 
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(_yi JLU *_U3J_4-1 ^) Q J 5E J L-U-J-3 3_jJI_Li. I.* i ( ii J t 2^1 i-LaJI (J I JL^JI! (j-O 

VI .}j_j («J (j-Aj dj^ I ;,^ll Ll>-jJj-Uj|j£LlU 4-tlaJj ^1 i_3Jl$j sllal^ !tj>.lj_a 
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£l >2j| ^JJ l_3 i^J La j_a I J-Aj ipLlll i la 5 - ■■ (j-° 0<-uJ1 
- t Jj_2JLj pjL_ulj) .jj-iSj-a «_« ^ g a 9 j a 4jLujILi (jjjJl 
aI^.1 ^^-uI-a^ISLII I J-A w tl AUl jL^f f^Sj j| Iluia 
J£ tjlj if Llll iU^mi (j-« (J-"^ f 1 ^ 3-J-uilJb j-a^?1 (J? 
^j-a «Lj j_Ls j <d_t_*J i<b d_Laj j_p I j Lease uj c_3j-*j (J-aia 

Ij-jJLus LJI O-tS LaJ_t£.j . (tc-jjLJIj 4_l£1LLj £j^ ♦ i"i 
j I La <& . 4j j iTitl (2>^-4-i -iJJLsca j-<J-C c_)L*J^U (j\£ 
(j^jjjz «L>.^Lual ^ Lftjj j_*_uSJ1j ^jl Jjj5e_] ^ULa edj»j_«jj1 

OjlS jl Luajjj>. ^jL-uJ 2l (jLS (J I Cj1j_u_u jl i la - '^"U 
(jl jJ_ljj . «LJLLt1 jj-a 4_uaL>. «L>-jJlj JLL4-1 4_i_*JJ1 
4_laj c-tK Bouncer j .h'ijL^ -1 U -»"," V ^j-JI l__._*JJ1 

p j '" *a ^ j_A j Laj-JJ j "-^ 4-*j j 2 1 Cj 1 J /^Ij 1 JU£. j-u t 
( j-a jJt-ual J-^J t4-L-a£ ^j^- 4 -^ iSjL^IULl Cjlj ZjJl (J& 
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(j_o (J^— i ;3 ' * " j 1 1 j*^ ^j* < " Ijij .4jlILJI L^jLp. J^^Li. M-j^Jo (_^-ijl <3^Lh? 

aj&^a 3 JUl3 L^J jj-o^ ^-HJl-^1 j mi 2l (j_a fV JJju! ^-A l_4-i I . (_ulj j^lmj^Li 

Lflj-C. jj .^>*l ^ I I < -icj (_gjJI dllj)-3j)Lc. lLLlLuu^LJI p^j ,j-0 3i-j',./i« Cr^-3 
l_g 'I a a. *> <t£j_La_U 3j_jjj>JI (. i t I tl ^j-jj^eji ^jl\ oJojo JL9 c^rh 1 C"^ ''J-a^ 

. . (j^ 1 1 ii II (j-a jjs-I jJi£. (^ ?lj^.2l 
.5JI mil cJajJ dAJI ,_£jf ! i>TS <2jLi^£LlLLi ljufc 4l}Lc La :J»I i n"'i JLSj 

3JjUJI j-«->j LiSLs . JL>. i_gl (.^i^- (_j ' "n't (j-^j' cr* 3 * I a 'f cjjuxjLu/ (j-iSL!j 

I JUt ( -5 i^ j i a sej 1 1 (jLvujVI roil^J lill jo , ^ U -»"" V /^aJl CjLjLiiJI (j-a Lcjj 
t. i ifi "^J 1 (j_a d c j * ' a rt Ly^3 ' l*^ 3 * ^i^ 3 w ^ '" ' *~J * ■ ^U ^j-3 4_u£ c-*£o£jl 
jUe-illj r-LvjJIj 7c.tflj.ajlj i'Ij'ii ii^M-jJI J)lj^j i_s_alaJI_j 4jL-uj^>JIj JljJljJIj 

■> I « La II LjLSjj (jjij^U! (j>£. ^j ii" i ii j (jL^ijVLa iiilj> ^^c N ''-^' a j .. !j^>- (oJLtj 

4^jJal CjLJl^-pJI Ojjvj sGjdjv (^yJb aI i ii-v|j L^jLjLojj Cjljlj_UajJI jj uij3j 
(^-3 L$_i w 5 I J j j-sLksalj j » i"ill CjLo^JSj 3j->"_3 '"'N laAllj 4_mil*i uiXlj 

SjpJI (^3 3-3_L3jdl iJjLuLCILs . LaLaj tit in I jufcj .^L]jj£L<AI : <_4«l1ui 
(^1 (_gj_Ju-jJI (j ii I -»JI CjLjLoj (Jj->J 3 al 1 aJl aIjSIj (_gjL>J,l Sj^vlj sLtlj 

Lu»j . SjLua j-^ jijjo ^1 J^s^l (_ji^. j I Jjjl>- (j-o L^ol jLitli^/l (jSLa-i jilj^s 

jJljj <_ i-p JjielDjj . (_gj ui j 1 1 (j ni-rll 'La-ia L^flJl Laj <da£-\ CjLjj|j£LlLI i^JiJj 

/"^M ^^ All ^j) jjj ■] | "y"j" jqJ J)l , n^VI (jj ^Jj j-i«"n jQJ t. i [ i|-»J1 (jl ^oJ L-uJUl 

* j la 1 1 1 ^Jj">-**( i ii a t_ti£^_a 4_]1 . i>jj>. I ^—11 . . . OjlS j tiU-o^ '"*j 5j i ul Cjljlj_tia_>J1j 
i_a3j^ 4_cSLIj iSijoJa 'Llajl J_La L-k3jTi i u Oul^ 4j_4oj>JI CjIjjjJI (jL dllj) '. 
x-2fjl CjLij^SLlLLs . Cj Li jj£LuiJJ 3j 'I . V.aVI cLajil! jjJLoj ( _ ;r 3 L<-uj.} LllaL 
^^ LaI ; uilLi (_pJI) ijajjJI CjIjjjJI (jj* (jLuijVI Ljj^aiJeXml ^pJI jljil 
(jl (0-C.JJ .t_i-SjJ\J! I JUt w I c Sj a" i ii a 3Ll>J! (_)-«-><-i (,^-J'j '((Jj^l J LaAJI 
(-jLi JLljlj j)l) (J 1 **i Mi^LI clLLaJI CjLiLalll [jijse-i LaJUx. f.^ mi i -n j i ■■ 1 (jL-ujJil 

3_ijJLll (^Jl jLajJI (j-a (jjL»I! jIjTj _^>JI ^Jl *LU jliejj D^iA" JUm£l 
(jl .3 j-vjJjjjtl 3j)UI Sjjj) ^ L^aLl Ijjj) i_jJj 2U .^.'.Vl ^jla jjf VI (*Ulj 

Lg_i_L-a-Al (j-S^-Ij '• TtLjjVIj ^lL-cTJIj jajJI (jiajLSJ j i iiCillj ' ajjUlj (Ji^tlll 
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I j~ji *' jl ' Lmji,' jj_a 4JSLI • ( _p=j ^1 vl . ^.".aSl t 4 , 1 ,, 7 TLj LaLa-i 3JjLx-« 



l_L!La_i J_c£. dJJj (J^-l <j-° JLa-ujij 0*4}^ I "^aJI J_c£. vl . V.aVI ^^ sLa-Uslj 
. Cj LlLjjJ I OJLfli 4_u»-_jJ_a_u j^^Ltaj I ><llr ^J3 dll j-?=j3 (JJLlOi (jl Lai lIsLlLulJI j_L& 
' la 1 ■■J**' rt I J J dj ^J^t (j-a /j"'"* - itl JL^_>JI (jl ^—5 (j-a£j ^l^s-dJl 0J-A t. 1 1 ( 11J 
(Jlt^t_J1 dll^ U3e aj CjLulj-La jj_a 7-LlILj 1.}JJL^_a £jjJlJ Jl$_>J1 1 J_fl> (j\£ . 1 j 1 1 u 1 

(j^s jVI Li^..} <jSLlj 1 2 j 'I .v.aVI L^j-^J^^uj^j^LlLI JL*-a (^ (j^Lcu^l t;r «l«JI 

t <_)L>. jj_a CjLijij^LuJ «u_*3JLJ Li_i3 jU'n Lt£._}j i*_U^aJ1 I J_fl> 7-^Lt-al 4JjL^t_a 

.i_*£aSL!l I JL* .sLuaisI ^ « JIjL«JI» 

4-^—1 1 ui " a Cjl_j_La_«J 3Ji)M-J si a ml ^j a I 3e " 1 1 J J 1 x "1 tlj 'I 1 ■■ a l| (jl 

«U| aJ Jsjj (jj-*-" c~^ ^^^^ <( N ' uiAJI ))> j i *" aJL^-**i i u ) jj^t-ij . Lo^jJ^_uj)j^J_a 

"Q^ " ^ alS (JJUa, . a^_<jjlII /j^l^. 3juL*_a d aK (— ^a (((Jljtlll)) Lalj . JliJL^j (OJ 

.(—JLjjI /Lua^Jl (-S ^j ^> I -»" ! I j^jio^Lu (_3aj_uj . 4_lLc j^^a^tj ^juj L^- 

, U -s. y. )a ' *JJ ' *"* *1 (j-a i^-j-u^I t <_jL>JI 3^t-J ^J ■ aAll I JUfc (-J3 jJa_Lu_ua, 

CjLijj£LlLI t_u>Jj ^pJI-S-aLc 2 A,^,-5aj.l I 2 U uuVlj j _. . „<",tlj J<T",tl t_^|^>- 

.(j-sJI j^c j«JL«JI *_a (_LaL«iJ (JO- L$-l3 IjJJ 
-abtla.il ' 1 "^jj ->l»utl i_iJj (^3 i.Sf ji'a, iVjl S^Ltlli Lu^laj w 'a j< A;, ,.j 
jl sLa-jlaJ *u l!il VI (OJjJJI 5ij^Jo 3jll£ 4j Jajlia.1 lil-jLcuJl J^ '-^J-*^ L<*^ 
^_a_u LaJU^, ' ojuj] ^ M 1*~ Cj J_>»jj-«L>*^iIijl ^—5 3 JLj_a->»j jl 4_o_uL>tj jl d 'i^**' 
CjLlLulII Lai . sQtejIjJ =1^1 JLaj «Lalj^ j-jilla . cLL>.l J jl ^1 .Utl /yic CjLlJ^SLJil 
.4jtla-i jl CjLjjj£LlLI j^j jj>.Jj Ct^' l ^-^ Ct^ (^ JtlaJl ■'- : '^-- ^°i 2_ajL^"i 1 nU 
j^_t-a m<i*>. jl )t_jlj_]lj oJLxjl (j^JLt-a_ijl IjJs jj_a JSJ L^t_ualj jJLuj 
T S . raj^iJI jj-a L5_ga jl . Lj^**iS ill j_a-u I i-ila I la 1 --J ^Jli-a-i Lljj-Sj a I aJajl 

CjLij|j£LlLI (_p ^-«^*J 4JLa (juijj jl Lajj ^al J ie-ila^a ( _ ;r 3 Lbj 1S1S, a <-i!jJ I jl 

( _ ;r lJI cjLjjj^LlII ^1 S^LuaVLi =U£ I ^^j^j ' a >l '^"_' (.^Jlj l_y>- 2Jjju>J,| 

^jz da-fll 1 ■■**'" (—IJlj jl^_j_>Jlj (jjjl—LlI jj-a SjLlI ^j ul Ia£ J ^JLa-uj j<_a r-j^tj 
CjLJ^SLa Lj>^> I * i I jj ' eaj 1 Lt£.^ . I J 1 ■■ )>1 rt J 4-ukLtaJl^ * miJ CjI^ i ii-»J1 4j*_l>*I 
(j_a CjLjjj-SLlIL) Cj^TIJI L^-u-LaJ iJJ £ '., ^ OJ-^ "-*-* LaL ul » 3 »q j^xlajl I JLA 
CjLi^lllj fa_iJI (j_a ^ d u se rt CjLi^S_l4_i (_j>*j^aj Cj^Jj j_Sjjj /^jJ i4_j_fl>LIajl ^JU 
^iLa^ 4-a-ji-LaJ 1 kaa. jl J_La LpL>- ^^aj Jl^ jl^ i^J-II w j la II «LJV (_£_jj>.2| 



175 



(jluulllg OLigjS.i.nJI 

(_LLaJ <j^>Jj i4jLSLII ^1 3Lc JLo j_oVI JJ-JJ J^S • ^J a J ■ "'* 3j-o J-i-l J-*J 4jjJLo 

jJjLSjjj Vj i(j-o^ cjLij^SLlLI i. 1 If La . L0L4J LloT jl>JI I jut jiic «<.LaaL>JI » 

jj-a (jLS L)'J i J'- L ^ 3 J - c ^ q * rt J ^J-^"- 3 J-^^-^ CjJL>- (jl t/j-ildjl VI L^_La 
2 j I ■ ^> ^ 4_u»LLaJI O-ili lil ajl LtaJI CjLijj£LlLI (j-o (J-iiajl J^-JJ (jl (J-*j-»I! 
j-j-C ■ La j I -- II (jjSLj 3JL>JI oJUt (_j5 ( _ ; ^L>.j 1 1 j « J I 1 a I Jl».| (j£ ■k j STi a 7"j^*-J 
(j-4j 0_]L£ L«£ 'J-i^ "J-*- <jJJ «L»j1uj d Ij Ij 1 ea -- 1 1 4j- i mij /OjaJJLa . jlxia 

^JJLIjj ,i_aL£ jljv (jJI (jjjj dLII (jl Lt£ ij^^JI tuLiJJI jl (jIj_ljJI ^ 
(jLSLo (_yi jljJ.1 Ljjjj jJj .(JjljiJI j I TcJJil (^lc-^Lu-uL-ul 4-aj.aj cjl_ijj£Liil 

cLa-jJLi J It'II ( _ ;r 3 Oljlj l^uvJIj («jaJJI 4ja- 1 n il CjIjuJ CjLcL-u » lia-l cr 3 '-^ 
d g 3. (j_« <3_j_L>.1 Jjl «LjjLi_jSj1 CjLlLjjljI 4^t_u_ij 4-fr>* (j-« Cjuji^S-uI j-jjLj 
.j-jLSJIj (_£ 4_ul Jjul j-t-aLuul jj-a j-pl ' u t * 1 diljj^N j oU ?t_jj 2j t(_£jj>.| 
a I « La II 4_utLLaJI (jJ-«J jjJ-i^.J . (j-ojJI (j-a 2>LiJ LJj-oLo ■ La j I -- II (_LLaJ (j^J 
(_p dJJji Cjj^jj .CjLij^SLlLI J^Cjj^iia 4j ij ir-> jl 5Jjij_<ji£ ^^ CjLcL-u 3jlc 
3_Lj»LLaJI (jl (_paj a ! I j . I Jus. *JLkJI 4iu-o 4_u»LkJI CL^\£ Ijj VI fu!ilj_>JI 
CjlcL_u Cj^Ij JJLJ (jj-fljl (j_a I j**'^j^ I j' a 7"J . *~* (*-3tUI (j-* ^UjJ ' 'lS CiO> 
<L<-3 '"■ 1 j 1 ul J-J3 j_! JJ 4JLi (JUl JjLo ^LlLs (_^Lc I '1'^ — 1 4ji>-Lu L^ILaJ^J 
(jl (jVI (^paj-ilJj jjl^ ' rt j^ Jj 1 <>> ' 1 j 1 a ' * I g t£ LuJL>ij (y^JI CjLijij^LuI 
CjLij|j£Luij 4_ol^JI CjLijj£LlLI CjIjUj '4>J ^ 4Jij laLtlaJl (jjs w S ■" Lu-ui 
'"■ (.alieli 1 ul Jl^ 4jJLiil OmI i-aaJI i_Acl (jlj i(_Jjj>.| 3j_a 4j£ Ja^l 1 n" 1 » i"itl 
«Lcjj_a 1 SM taJ ■*' Jj Lc diLijij^LJil (jl 1 I go^La Jl*j 4_uljL«JI CjLjjSUI (j^ 

.jjLSjJI ^ p><ijj t^l>-" J-^-ill (^ LalluiSU ^pJI dJLt^ 31oL^ iSalj 

Ci \ ^- ^ /yjoS aSa 1x3 l"i < u Ljj-uSj (j_a 61 -"-^ (j 1 (J Lll, I /Jj 1 1 u /jylc. /pa >j * ua 
J_«_l -I 1 11 a 4_LoLiJI (_y^ d I q -e_j (jL^ l_Lu (jjjLill JU>.I (*L#jI (j-o A I »utl ^^ 
-jjj-^lj ■»■ j_laX I (j! . LuL>. l£j)^ILa 4_jLu_ujj 4ILtLajLJ O-4-1 aI jtlajl (jlj t^l i>i*n 
4j1»£. Ljj_uSLJI IjLu dili (^icj-SijJLlI (j^o j^i-Vl i_uL>JI ^ (jUej-u tiJLiai 
(^ (juujl ■- j • ^>"j i4j(jj/LlII 4£.LjJI ( _ ;r 3 L^JLo (jjj uiC ijJLut tt j 1 n I .^jLClII 
(jl I 'j j < a " J-Ij .(J j Ml ' d-LtalLLq ^_^ (j^j_*_oj <^_iLa j-j_t-£ajj i^L_u^ 3j-*IoL»j1 
(JLLal 4jujLj aL_o2jVI * ^~ ' ■■" (__Aj-«Lc L_u (JS 3jL>*lj 3j-a -n 1 "^ *" Cjlj^j^LlLI 
j-g-LaJI Jllc (jJLl!! A^jJI (^3 LbjJ ^4-LtaV-l ^ (^1^ (j^-° Cr 3 J^^' ' J-* 
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ja^JaJI ^yfl £L^jj£LII 4lbtj!j IjLuj -> I » U 1 1 j^a Ljj_uSLJI (j-a i_iJl 4^1 a" i n_ajc_i 
<LjjL«_i£ Cj^M-cLoj O-iLS (jl_J 1 4 la se U I aJJb (^aa- I j« J lLs jj mi u 4_iSLIj La Lcoj 
(_yfl (jj)jla 4jLa CjLjjj^LlLI ^JLC » I jj (jl (— i%j) • 4j£ CjJLso 5jLSL!I ^Ir 4ii^.Li 
^j'^1 ^^ VI ^Jj "*-**'" s ' (o _*'' AN ' ' ,,<3> J jk* ' w "'~ t * i* ' * " ' I (J rt J>lj a|>> rJS 
f. o i tU _}1^_a /— !|"Ot Ql i Lga^Jt a la^tlll (_3 CjLLujij-jjI CjLioSLa (_&j-4_»_LLa 2l 

(_p3j_ii!j . CjLij^SLlLI jjiII 4j*_uj Lcjj 4-aL.u CjLaHJLoj Ptomaines CjLLlojIUJ! 

CjjjjIIS . sljJtlt (jj-i!l (j£ al «IaJl (jie-uij La.il J I'm i"i ■ la a. ^ J V 4-uiLtaJI (jl 
SJi^Lj jj_a JLjvIj (^1 mJJ^J La-a ^1 » U tl ^a, CjLLlojIUJI (JIaJJ CjLijij^LJkl 
ijljJajJaVI I JJt (jSLJj aLtlaJl (JjLuj (j^s J-ic p •'* jtt i . 'j La i aj JLai :CjVLaIo-l 
(j-o J-JJ-o (jj-^ (J' 1 -^' C - ^ JJ*" 1 ^ (j^n; J^VI Jlxj JL3 J I i Jjjj La O^J-" 
jj_o^l oJUt (j-o vijJLaj (_gjJI JLalKjj . 3j_lLi U-uSi Jaj. ^Li V JLS jl jj LtaJI 
(jj^ i_uLaj ^ L^aa. *u ^1^ . d laAa. ^Lul a LtlaJ I «<_2.i < * : *-J-i (j-^ /tJ9l_jJ1 (^^ 
4_»_uaj JUu 1jL>.lj LaoJ LaLaJ Lia^aLa (Jlaj JL9j ifi LLJ tiJLJ LaLaJ LaLua tt i i^-i V, 
(^^ al_«JI Ja-aj> ! jl IjLjI (j^iSa^jljiVu u Ljj_uSLi jjjJj Vj .SjijLi 5jljj>. ( _ ;r 3 
j a <" JlS ((j-JLUI J-iaJJI jJaJl) S^jjJJ 2u>JLl Ljj_uSLJ! <jt VI . ia-MiJI 
. auI 3jLc (JmJlL^uj ljLA (j^Jj 3jUjL>- CjLLusojj L_ii_j_Uajj ^la-u 
LaJ'J idi_i>i n" ^^1 Lj_>J a I * la ! I (^H^ ^ 3^ CjJL^j (jl^ La ^jVl jj i aj 
«Lcj^>. Lglil ^LjljI L«jI > l~ m (jl >t^ajJkl (jL^ .SjijLi L^l^l -iljJ 3j J O^ 

(^pajjtHJ «Luaj-a-a Ljj-u£LJ| i f LP O-ilS (jl (3^' '-^Ij * C ^ J> ^' Ljj j"iN ill (j_a 5j j iS 
L^J CjJLso (_^JI 3-lojSLII ^^ liJJj . «L«^VIj jaiJI (^ 4j*x.j_a ,_JjJL«J (jl i ujVI 
JLjJ-tli (jLSLa ^-^ (jj»j*_j ^ j j la (j w ii a I * la I^-jl Jjul p o i ii**iT1 Cj2iL>. i. Mr I 
I i aj 1 sLi^ O^j LaJlj '-. ' ' """•'^ (j * .' '_' '-* /1 J-^' jLutiJl 4jJI pjLi^ij pjj ?i_3 jdl 
^_A lj_Aj ^j ^ ' a >■ ' *l_Ljl 4Jjlj_j (jLi^ijI (j-o «L_jJ| ' " 1 1 5jj I «Luaj-4-a Ljj-uSj 
j^ljJI (^3 (j-Aj .Sj_aL>JI 4*j«JaVl (^Jl SJiaUJI ^Ijll 4iLbl ^ i-iiintl 
.CjLj^^SLj_LI 4_LjLc J-Laj LjJSLlj iJjJLajs j_uG (jL^uVI (_^-l^. l-^-I ' " II J £ la a 
3j_i»L>JI iLaJiiaVI (j£. ^ ii'ii ..I (jl (jl_o.VI (jjs j_ui ( _ ;r 3 Lu.aie-A J .'--'a I (^Ij 

.2uiji SJL^a dili (jSLJj JLajd^VI 2u5LAJI aJiaLJI jl^oll J^^j^ Vju 
(jLCaVI ^(j^Jj JLojO^VI 3jijLi/ 2ujL«jSLII SJi^UJI jl^LI c^t£ lilj 

a I * La 1 1 ■ la ^^ /Jj 1 1 u (_ b 4j>.LLa ^ ) 1 j L3j ii^—CiS CjLuLi_c ijJLu^ (jLb L^_uIuL>tj 
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da-a-se-j ((J_>JI) liJLjJLiJI ^j*- T- ^ a! »Utl «_2_Li (JjliejJLa .CjLijj£LlLI (j-a 
d j I sc " J 1 (jl Lai .CjLlj^S-Jj I j 1 i sejj (jl (j»a (_£a^al 4j <<i^-aj>» (Jjl^sj a I * Ull 
(_£J_11 ^o-A Lj^ j**i\ ill (j_a (J-uJLJl (j2 Cjuj-ifoJIj (_jjJJ /^ LaS LtJajj ■ la ^ >i I 
» J-Iali ' ■■**' a (j a*J)a 3j-j-q_>J1 Lai . 4j&Jl11 j\ < nil (J_jJLss_a (_a ^_a-ul * .J aj i ■■ 1 

iuLs. jjt I jlj . 5^L«JI ^ ^il cjJjo V LgJSLIj ,3tVal^tl j^K i. ill ^ j^jJJl 

y r — l LC J 1 j . ALtiajl (JjLu /^a (jL^ijI ^1 j^ d i 2i 0_ijt_] 7-a_u3aJl (j-a cJL^- 1 ^La 
(j£. ^j A«"tl Ljj-uSj <■ Mr 1 j-^e-^- iy^£- J-*j-*J i *1 a i nllj (C^tlll ■ la ^ (_a «LSjjJa 
Ao_u_uLjajJl CjIjIIj iyX£. 7 r — LL a T JI (J_iL_u (_£aa^t_] (j-\j>.j . fiLjaJllI «L>.^ajJLl (-^ j-a-ul 

microoccusjJSLiijjJljLuj (j^£a£jj_>SLus ^ « i nj Ljj£Llo (jLa ,^jj >j->-aJI ^jIj^J jl 
.Nitrite CjjjILuJI ^ g . ."i 3Ia^L> 3^ La ^1 Cjljllill J_a-»jj >«-y denitrificans 

j)J-«-J j^ lT l S -J Lu3j_jlj (JIal j_aj>.l Loj-a ^tlll (j-Uj)j»j «_^3 S^LLl 0JL& * * t *-»"j 
(_jjjjiJ j_ax. jjj-LiJ I (0->Jj .cured « L>JL«-a» ja^till ^ a i ujj Sj.sLJI Cj Lj j^^SLJ. 1 
ojLq a) p •>ltl r-!>L«J CjLij|j£LlL1 jaJj (jl LajV (JjljJj . OJL& iL>JLnil 4_lL*c 
aj Qa-LaJI OjjILu (JLajLli_ul » Lca3* JLaj (4_]Liu-a j_uG L$J aa Qa-Lajl OjjUjj 

La LJLc (jSLIj) ( 3 ,;_. a^ 3 _,„,„ ^ L^I U IjJaJ jMJI i_J£t ^ (j^Liil 

a Cj Ljj)j»£_j_a j CjljJLLll (j_a 0JLJJ-J jJLa (_£l (jl i n i VI ' d-j-Lga-i (jl » j laj 1 ■■ * 
UjLQ ajJ \j .--.II Oj^j-u (jLcujVl SjJJ C^ U'jl.llll j-A 1 JUtj (jj iSLtflJpIbl u ' 
.3_^JL«^i J-aLcj 3fc.al-w 3jLa w j'a 3 jUU A^tJJI juuailc J^.1^ 
'"• -\ ^^ ( _ ;r jt lil CjL>.L>.j t^°i £Llaji>J,lj <umi el ajtjj VI ^1 1 ,!°\ CjjLaj J£ 
Desulfotomaculum j '£uJhj auJ joJajSLa j"j^1 ■ ■■_' > CjLijj£LLa /tHJuj 0^! jj*.' 
1 j_a Lj^Ls- (jl L«^ 3 Ijj ta II 3_jj|j^»JI 3_>JL«J.I j»jL2j jajjljj>. nigrificans 
.3_j^_SJ| j *\ 1 11 II J.jJLa-a fj£ 'LjJLc SjIjj>. JU£. jjjJj (jl * j^*~ ' ""' ^Jj^-fl' 
J_lILjj-_aS j Lc. ^_HJLjj i«Lj_jl^a_A 21 L^_]| tjli— 1 l jv t. i j 1 *"( lu LaLa_i c_«j>*jj /jj-^J 
J'^^H J-IaJl) CjLuj_j£L1! SJ^l^a Ljj_uSLj L^JI il 3^ej|jJ| 4jj£ (ju>-j|j JLj^l 

3 j U 1,1 3 . UVl ^| , ,, g| £yi fj-LlI Ij-A 3ja in" (^a tt Jalj 1. 1 j intlj .((^JLill 

(J^N t 11 /tjLl ^_Aj-(jjj 2I&JJ (j\ir- i n" (djj . (((_jjj-jSJI (j^l " (t— tLtll 3j jjl (JJ-a) 
d S a ) " (J_^_*_u_) (j-J^>- ^L-JL-u-t-aj JU£. 1 Jl>- ^LjJLc 3j1jj>. <3j>.j.} (_J|-j^S_a j-;tC 

. ^ Ljj— lISLi (j-SLIj Ljj— lISL-iJI i. ilf I (JjJLJ Li^Ls Ijl>. Jjjl^. 4Hjjiejji ^-Lpj 

4 1 se a Ljj—iIiSL) L^jl Cli-o* 4 Mill £J-A (-^ I JL>. I ula l^-a_i ^_a_u \ 'SuJiJj stj I 
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ijJLUIg JJbCUIg udJLUI 

u i 1 11" (jl (j^_4-ij -j S i ii II 4-g.l i i^-< ^yfl (<ulj r-Lcjl j. i ■^/i (_-4j .Sjlj^aJJ 

CjjLal^ t 3 jUU 3-«jlL>^I (^a <JliljLc. jlJjj Chlostridiumthermosaccharolycum 
Chlostridium joJ-jJj-jj^j aj-jJU^'hi^K <jSL!j-c_Jl«JI jej3 ju^. LnJaj-ia Lh-^ 

I'iL^IjjUj iJj^LLVI (jr^ 5-uljjt^UI Ljj_uSLJI flj *jU^Ij* hntnlinnm 

3j_o Jjl i_jjj£LJ.I I j_& Ua^L^s jlsj -j^ cr^ 3Ji^i»JLl jt 4_lL«II a^jsJJI ^ 

(j_a <1j*ILu (_gJJI (j^ i n'C'ill (jSLIj isGl JU LjiJ-o (J-"J-1 3^3 • l ^ J -!^J' J "-"^11 (_y3 
t_jj^»JI ( _ ;r 3 7-^1 i nS =Lol Jiitl<j/I qZzjlA I 7"j-J^I ^j) ^J' " 3-3j|jjl1I jljJil J-Jul 

-LJLc. (JjLjs (_p3jjs jjtj-botulism aj— <J$_u^jJI (_p3j_o <, u i ."mj . (4_l».jJj_lJI 

.* ijj^Lul lj_fl> 4iaL_u^j LaL_o Te-4-t^a 1 ^JjI a utlaJ I (JjLjj (j-« 

SjLc j-fl>j . iiUj j^e-Jj (j-L^JIj j_jjJL£ <LulL^I ■ aJjj mould 'J a «Jlj 

. 2j_fl> JljI/I CjIj_uLj dJLifli (jSLlj . Lu mi 4_Lo jj-i^a 2j (jl_L«JJ La-ualj JJ-JJ 

j J C L$_] I j-IL>. I /qJLj (-H-II * 1 5-?- > ^ ' d '**" (j-alLo*j-jj_ul 4^,^_<iJ?E-a jj_a ^j d * J I fl 

(^-3 i_jj j -»JI (jj-^ (j-^ <— >l J-JLj 2 K ui II 0J-& ,J^ (j-*^dJ . <-3Lir*JI 4laL£ 
4J i )^aj>JI /tUu tj^>- J-^i-i-ll J^ »j ^* J"? - * -1 *— ^ri-^ 6-1 (3"^ 4_a£L^s_a CiLc J^"i i <ta 

" ' » "^ .' ' "' O ^ c J • UL9-^>^-^ ' - uiS] /j-JLJ (j-« I > J iS IjJLS I j ' " d *" £i_ul 
j uija J!>L>- j^s-y j-a>j ij^jvIjjJLi jLxis Aspergillus fumigatus (j^jLaj^j^ 
<_£j Jjlj flvij * eaJt ^LjjIj-aJl ' 'J'^ 1 ^ jjJL^I JjI ■- la i nil (j£, ^_uljj>» tzIuulB ^j^j ■ II 
^—b aLj_>JI j^piJj ' dj > (-r^- tJj-^-jLdjI jJLjjlII <■ u ir^i] Ji^j . I ^ i ■■^a JU£. 4jjjj 

2;l - - — 1 1 jjjUII (jiuj ' Juj *'j^- <j-° pseudo-tuberculosis t_iil^ OJ-V I '"''j^ 
jla^VI A 1 1 1 n" ^jdl ■ aJl!l (jljJ? '.'T-** I (j " 3-IL»- CjI m nin^JI (^CjJjj Jl^j 
aspergillus (j^^l^jj^iiL^j-jjjj/ICj^ij JlS^ .^IjijihII J^ill r-LjJL^jLilj Lia^ 
^yJLLj iljui <ijjua_j Loj_c£.j J j < ^ ■«■ 1 1 ^jjs )<-«-^-i Lo-jj>.I (j-i^. j-flij-flavus 
i_al uu^l (<u ji^j .aflatoxins dil m in^jj^ia^l ^ ^ . .." SjjLj/ jIj^j jjJuJI (Ji-lj 

1 flXxJ jJJLjJI (j_o 3 H-C LLaJ I (j^>.ljjj| l."i JJ'^ll LaJLc^. 3j_o Jjl jljll tfJLfll 

i^jI m m^jj^l-aVl Sjjls oIjj Lojuc (ajJa^. oa- ^\ rLcjJ^I Jj'jj j^j • JjSLII 
cjLc^_*u?E_a ^-b Laji^>*j C' Li Lii i^jl^jj^Jlj ^jL-uj 2 1 ^-^ (jLLsj-i-oJI cjI jl>.I ^-1^. 

(jl (0-C.JJ • "^ASLa ^Ijij i nil Jj^JI J-JJ^ ^1 i m'iVI . <t\l j", , „\l t 3Ll^J.I aI »t-.tl 
S^La Jy>-J (JLii>.l (jl£ j_flijdl (j^ (j^ 5 * c?^' '^* a SjJajjjJI O-so (jVI l—iajJil 
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(jluulllg CiUgjSUaJI 

. jlltll SLcjLa (—jljij i nil jj^ill '""J Lcajgj i ■■ rt (_3 4_jjuaj_<_u 

jjjill (jSL^-ij . (jL^ul Ji (_jjJ i_a^Ji_o cjLjjij£LlLI 4iaL-u^j ^ i»uVI ■ M~j 
c.L-L-i-1 jJs *j i a -»" 1 I cjL«-«il>J,I (Js ( _ ;r 3 L^jijjjjj d ^.uvi 3jL>«j *-j-«j>- (jLi 
(^jjj^LlI! ' all! I <_aL2jl jl j_p-G ^jl\ <_ajL^j-4ijjL>. jl 2j ijl^"-.-«l A ^ ^yic 

. I g^le t_JjuJI JjLj/JJ ^lilo i'l <i i nil f-JJjJ ^li!^' : > i"i« ( _ ;r 3^SL3j . CjLkILLU (_y3 

3_L!LaVl C^JL£ JLSj . 4-jjlc.Vl icLu^s ^yfl 3-jLs^JIj ,_£jJj«JIj I kllll CjLlUx. 
21 tz-jl-iIs^ZJ] t] j 1 ( 11 (J^. (j-u^L>J1 ^J 1 gaAjt a /J-La-dJl 1 JLA (_3 L&Luj-ua (-ylli 
Lg_iL9 ljl_o (_c J_Ij_u_] (jj^t-i p3-^3-Ll tit^tj (ju till]} t j • ^-~tl i J_u J _u (-l£. 
aLjIaVI (^Jl (j^-jlj ,i_jL*£JI Jj 1 ->'*» J " J 1 ->'« J< (j L: lilfaj; ' iaJ Li^dilJLi 

jljj.1 J-^. (_£>*-' -^'j- Cr^ v — '^JJ^t!-*^ (* ' jL d-^ J"^^" Cr'i (Jj^*-" O' tl)"^' 
.(jL^uVlj CjLjjj£LlLI ^1 ^ j "->_; x b 11 LjjjJaj ijUj-' <j-° «Lulj-«JI 

(j! JLA S j^jst^_a t^JJ i-r^ tj'j^^-^'j (— aSj oJI (-r^ (J ajJI »1 i nS < " 1 la 3> jt (J_A j] 

(jl (jLxuJyi LgJ *J3j-y (jjlll j>IjJ.I i_aJjjj j«j>.L^j (jl!l cj L jy£LJ, I iJ \^. (j!>liLa 

djUj) i Lc^j (_^-aj^sj (j-ullll (jj JLA Cj^IoJ (tJjI xJsl^Jlj . ^ la 5 * rt 4j>*j JU j-4-*J 

«_ujj u£ 5-aji>-"ii.iU 3 nn-sll J^jI^jiJI j oLJLt jdl (jSLIj . (jIjljjJIjc^Ij uiaJI 

t;r lJI ^ljJ.1 lJ -tb aj-tbj .CjLjjj^LlII I ^ <\ >L^JJ (jl (j-SLaj d '< j 1 .1 -sjj jijJI 
^_H_Lj ^-<5_ijl jUlj L^-ISLla JJL>JI ty\£- 3-4-u (j-^- » I J tS (jLic 2I L^-ajLa-" i uj 
. ajjulII sL>.j (_;,!£. L1l«2 g| K A (Jjt^oj jij>JI •» La 1 ■■ J^tjj t Pigments Lc. I y^\ 
(jJs 4 j j 1 11 (j 11 j t (jljJ_>JI (^ri^J i_i2j^J| jiij-v (_ji^. (jLical j^_ii liiljij 
(j2 (j-SLIj i>l J-iS 4-u^aJ (jjioj>JI aI JLa-"i 1 11I * J^"~ ' ""' (jLic^l j>JLA (jl ji^IjJI 
1 a^Lmllj (jljJL^JI (^ri^. iLflj^lil 4-aJLJ>-" 1 11U 4-'uJe-<Jlj (jj J-^ " (Jj'* Je -^ ' J- ',^ 
Cj L\ j 1 a (J_C j^SLjJjI ^l^_a t.ilf I (_£^IL>UJ . I g^U^ (_^Jjuj (jl (jLic^U (j^-4- 1 



(jLS 4_)^JajJI (3 J I-^ <-"m ill (jj^-i LT^^ Cj^-3 'C)*-^-*^' 3-4-1 3<_L4_i (-J 4_uj)j£Lj_a 

Jjjjj J 1 uj" jls *Luji^£LlII cjIjluII (jLa ^tila Ij^js^-o j I «LlJI ojju>. (JjSLj 

(«_ljIj^>. Lg-j-j-m (jl *C 1 11 II ?-Lc.jVI J-J^l <■ . 1 1 n" (jlII » a^llj (jl acVI jaJl1£ 
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ijJLUIg JJbCUIg toljJI 

.^LjL* I fljj 3jL>JI JjLaLLlI ^ (jLk:Vl (. , j 1 11" ,jl <jSLajJ . 4J3JII (j Lac VI 
5j-^ja.>t 1 3Jjl_«JI ■"'! a j La llj 4_lj*_LjIjJI jlj-llj CjLJL&jJI J-J-4J>- (_gj!b>oj 
(j 'i 1 I J "^-j J i ill (j-OC (jl 1 -^JL>*-'' , 'j . (jLocVI J-4-! jaCJj jlj^ (jr^- '^Wj-^" 
La-AaxJ J-ic (jlj_L«2j A.glaucus <jjjL£al>. . I j Aspergillus restictus u-u^j" 1 njj 
4-uLill 3_lLL«JI t_jj^>JI «lJjf ^Ijll j>JLA ir.ril"? jlsj ir-LvjJI j-oj>o .slj-a r^W 

•k. la - ■■ f. 1 c 4_o_j_3j d ^ .l^s j *tl < L&oj^jj '" J JLII a Cjlj_j_aLSjl CjL_uJC 

i_al_>JI (j a « j 1 1 i_3^L^3 (jLjul (_gl (jSLtj 1 Lu-mJ 5-ajLiLa 3.}La u ul>JIj 
(j_a t. < mSfcll CjLjjJa_oJl j)j-C ^ i ' ' " l (jl J^SL^-l La (_£J_a i-iljJU l_3^j_u «UjJ_a (_3 
-4_lL=Ju JL3 (_pj| pLu-aVl V-3JUJI fl jufc ^ 4 ■ nAj i _i iljjlj I ^ I" aj I ^j' 1 ^" 
^yjJI ili Lj^-La-flJ I (j-a JUJLuJI i_llLu&J . CjL]j|^£LlLI I JJ^** J-aJj (jjJI SjLLI jj* 
ts_iIj-*2u 4 i iii" [y^li «Lajis_iiaJl CjLjjJa_aJl (j-u L^-aLstjvl ^—3 7-jljIij <■ < i ii-»J1 (j-aju 

Laj 2 tall • -■ ~ 1 1 l-i! AA.VI ^yicj v2jL.UlI! ^ (jLmuV! Lj>Ij_j <_pJ!j fs^*l!l 
^jj^jJ! j uAtlj cjLuLOI ojl^J 5jj_cILII aI i n-vaLi <_aj-«j La VI 7tjlj_<iJI jjt 
myrothecium LjjL£jij_<-3 ALSLjjjj-jLa ^ mLi <_2jjjl1I Jal uuJI (jjLa J- 5 ^' 
<_i ui >JI CjLJLaj t;r 4Joj .4-ajjljj>. jlULj I_Ll>. VI ,_jjj V (_£JJIj Verrucaria 
» I i" jJs (j-ajJI (j-a 5>j^ *U 3 La < LI obj La-aJ I (j-a Creosote Cjjja->j£L!l Jila 

JjjL)"^ _ 5 -"j . IJ3L>. t. i i ii-»J1 JaAseJ (jl ^_A LiL>. *->.\Sj\ r-^L«jl (j^-Jj i(j-\_u_u 
j_Lj ^^.a ^j'-v S-iaiajJI LLoLoj jj LjjijJs i ^.j^ , ,,"tl ^a 5-aJLa-*i i nLI i. i Mi-tJI 

. LuLLajj-jS ' Jaj 
1 4_i^.^4-LiI I j-i^5 LlkJ I 3jjJ SjLcl (_^a LaLt IjJJ 5jsl JL^JI CjLijj£LlLI t_ij(Jj 
tj& i*ja UiuiVlt 3Ui«II CibjJaAll (jl La^ i J.^Atl | j_& 4j| Jj ^ Lufj La£ 
. 4_lj>. jj j j j 1 1 SjjjJI (^1 i_ijiijjl ( _ ;r 3 Jiaj>.jJil (jajj£LII ^>-JJ L^J2 ajL-Lj-LaJI 
OJLA (^^ Liiajf IjJ^ Ljj_uSLJI i_iJ(Jjj , el A \~.~j Liajl 3j>" CjLjjJaill («j>.L^JJ 

j ,„<--Cellulolytic ^ a .. ." U^-JjJ j Aj-uA! 2LlL»ai L^-OSLJI (jl .3JUJI 

4-Ll-u ■■_' 4_ujtJ (_paLaj>.| (^1 4_uLjJJI 3.}LUj 3j->"_3 i—i-uiAJI ( _ ;r 3 j_qjjjlj i ntl 
^jJl r-Lljo '"'I J^Ja-aJI O-iLS LLj . LgJI <ili .il (_£_)j>.2l CjLjjj£LlLI * ^Laj i ■■" 
La_a jliSI Ljj-uS_JLi (J 1 sgjj 4_oj J_>JI CjLiLoj (j_a fiLaaS (jl JL>u ^_a_u (_i *l^jl 
(j_a d 1"1S ^j_a ^1 o i nil cLa^oS (j_a ^—Lxl Jjl «.j»>J1 (ja\HjJ tOL)i IaAjl * (Jirtlij 
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(jluulllg OLigjS.i.nJI 

a^L^ut ^t^t jl»1 ( u t , ,ui i jUJi) jlijilj .j^ jij, „it aim I Lj^pslji 

dlLa^S (jl (J_<5_j->JJ (j-*J '(J-^J' i n II (LctaAjl (_3 Lj-slj L<ii <3_lLjjlJ1 £j_& (_3 
«1_lj^_ij_SJ 1 ' ' a >JI (_J3 ^sJJl 1 JLA /^l^. Oj^Sj fj at_ixLaj| _m o i nil (j_a 4J_il_A 
(_JI La_da ^J i aJ z Jjjl JL>J1 t^j" i n a (_L£.-4_lLjju1j . 4_)L^_J1 (_3 *sj»jiJ1 Oj^Sj 
I J_& (jl^ (jIo--.il <i i ntl <Loj£ O^J .i— i^jJ L$J2 peat -i j ui j 1 1 (jJ^Sij =lL>.j_o 
(jL_ajV1 » .u gall i ■■j^j i I j-ui LcLajjl L$jj1jj>. *_oj^j (jl Jj^ -i *~j J* ' gaJI tjj"i i ii tl 

^ I r 3jlj_>JI 5_^>JU Ljj-uSLJJ j_uSLII jl uuJVI (j^ 1. 1 j i ..II -i ^ jj (jl jljj ir 
Lg_Uajl *I_IjI c2jLij!j£LlI.I LajJjj ,jlll aSLLJ! <jji «jo. jlU;_.) (_£j£L!! I jut 

!il ((_gj_30 LajLLc 3jIj^>JLj Cj_iIj LjI (j ii "w| L«t£ Lal_4J Sjljo- 4jjj* (jl^- 

jlj_ll AjLy" i n" I i eaJ I l_u» (j-Aj tpl i ir-» 2l (J1>>J (jl CjI_ij|j£LlU » qlaj 1 ujj 

(j .1 , -vj jJL»J! 3JL*. (ji La£ I j ■■■ flj 5jLu^JI Ajjrlin" U^J ji^l SLaLUall 

(jLlSLII jju o_jj_£ 2 g-u uJI ^Ijllj Oleic acid dJLJj^l ^j^ i ->' a . (jljju>JI 
jJaj .pi j i^\ 4cLli^5 (ji 3U<" mil ajjlU jljll (ox.^ (^3 *>^ <* JL = r " ' "" 

(_5 4_t-aLis_!j LjLjj-i_o pi 1 <^-> 2l 1 fljjja Jl^JJ 0JL& ' "^j La All a Ljj j"iS 1 1 1 jftj>.L^j 
jj^sVl (j^sj .5_JajJI a^ljJI JI^-SU plw^Vl (_p=jJ>Iu i^p. SjUJI (jlaLHI 
oL£j_a (jl-dilj^ La^cJlj (jl (jL^iJ^U JL>- ^J-4K I JL^J 3-i^UJI 4ijjJaJI 
pi i if^i2] (_^ia_»_) (__5 4J^La Jl^_<ii CjLLu^iiiJI (y^>- ^La JL^-"i i n a CUUQ ?c_ujjJ1 
(jjjl_L>.l (_I1 4_ujHlL1 4_ul JlJI (jLi^, 2l (j-o J-;^ » „ ^"' ' " *j * tJU^^-*^' 3 JJ'J 

7t_ujjJl jLc (jJ! 7c_ujjJ1 (Jj^j>o ajjh i n i ij Mucor j^S^_usj o " ' Hi^fi) .' ' "' lP-* 

Li^ f^>^' ^- 5e ^'j J^*ljJ •?H- 1 jj^' t— it * J '^> (j£ lij^*"^' Jl *il (j-^ J-4-2 LaJLc^. 
jLc. (jl^- lSJ-^^ ftl_«-A ^"'^ '"' (JjjLJI (j^( CjLj^j CjJJUs- Jl^J .4jLilI iLu 4JI 
SLaj jo.1 i."il~>- 1 ii J^J . ajj^la 4_l1oJ 3j^ ij!^>- 4-2j^laJ! OJL^J j?jl-iJI ^Hjj-" 

.1931 aIc \jA^1i\ (ji pj-JI Ij-a (jjs 
(j^ l_LiJt-a Lcjj (jl «Jsl^JI (jSLIj ' I J j ' "I 4ojIj 3^Lo JoLLaJil Jjij La S^Lcj 
I jlJjj» (jjs La Rivierej-u^jj V jjj£ jJ I 7=-^j I J^j • 4^j>- L^j Cj 1"j i uj LojjLu£^ I 
pjlj-a» «L)Ll_4-i (--A foJljul ^L^t_)l 3<_ujj>. (_b 4-jLa LLaJL I (j-ujL^lj (J-t-al^-iJI (jl 
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ijJLUIg JJbCUIg udJLUI 

. (jlS-a (JS (Js JL>-^j ^JJl Cjl**(j i ii iLa^-LuS 2l (j-* ^-4J-* J p A-iJ ! 1 J-$J «4_uLi-a^.l 

(jjiLj (^JJ! ((jn'C'^UI) 4^aij Polymer j_9_J^J I j^jLSLJI Ijufc (O^L^jj 

dJaLjj/jj U I U 1 1 L^_i J^LLj (jl (j^L^-i <^_ 1— >L!i 4-ZjjJa tiJLij& (jSLIj . JoLLaJil 
J_i_3 4_H_j^Jlj lyt-se-i fyjL-j-j-LaJI da I La 1 1 ^jl «LiLjJL>. (-l^. JUiUjlJj iCjUj^S-Jj 
71 J • aJ LaJ_t£.j .JaLLaJJ ^1 CjJj-jSL!! isLxial 4j^SjJI ^^.g, Ju i iUJ .4JI <n~ 1 11I 

j-il j j 1 nSlj-jJj (j 11 llji "Li^fJ <-^-<i>-^J aj i,iiSj-ll Lj^-uSLJI ^La ^il^o JaLLaJil 
(jij^jjv ^1 cU^to^ iOjjjSLII I J_Ai_il in-w t;r L. jaJj thiobacillus thio-oxidans 
£|JL>. JLSj . «L> ' La j ~j J 3jLo 4jIj JaLLaJJ ^j^- 1 >JI IjLA (a^L^jj-LLLujjjSLII 
3_laj2JI ^aliall 3jbl (^3 /aJaljitil iJLi I ^>" 4jjllll 4_lLL«J! cjj^JI s-LjjI 
jlj_i^>VI i. , , i ,i jjtj hjLSjLj (djlalj-JJI aJJb • ^j^t- ' ?"!M-*JI (jl£j •'■.'.' ' "^ Ij-^J 
4Jl£ j jUj (_J jJ! (' fl^JLalll) JjuJ! I JL& (jJx- ViJ J - i " *_>'■*! iSi^ l>° ^ J-uJI 
Jj^aljjJI ' ajj ^1 Col 4^jI nia CjVL>. i.'iiii^j JL9J . 4^Ll!l /"»\l j.^A'll jj^ 
Jo-ujjj .^jjs.^1 jljllj 4^lj^JI da-da. CjLvLvj Jj^-^i f&->^ (^H-" "LJaLLall 
i.'i i im'J . LU_ujj»a£j1 ^j^-> i^ jjj^SHj I j*^ o~^ Cj 2i L>J1 0JL& (JILa ^—3 da Uai, I I fljj 

till in" thiobacilli ^ .. I . "Li^-u Lj_uSL> I j^'a i_a^L^aJ ^^1 Sji-o-jJI SjJ.1 ojut 

jl chlorinated jj I < LI JaLLaJ.1) cl LLa LaVI JaLLaJ.1 f-lj-it ^j a • ; j 
(jj-jj^jijj-LgJ! CjIj-^jJ^j) ilLujji^LJ! jlj^s ^j^«;j (Silicones CjLJjSLlLuJI 



jj_c. J i>> 5_«_i_La j«_L«-J L«-j-3 (flourinated hydrocarbon polymers *jj La-L I 
^yic Ijij^>.j_o ,jSLj j«J (^jdl Polythene (J;uLjJj_JI (jl (jiajllj ,cijLijij£LlLI 

ifC_*_oL>- (JS i"i i d S-iA>JI i>JLA CjLuI jq_i JL^j . Ljj-u£LJ|j «UjHJI CjLLu_ujL5^_Llo1 
a\ jitlia/l j^c ^_j a 3e i"j i_ajj^i LxjU (jL^ijVI cj^sjljj ■ La "*» dil ij" i nil JSIjl J-i-o 
(^ LajijjLaj (<u ^^1 J^ Polypropylene (> ^J.'J^ .' jl>^^J cJ^-^>^' S^rh 1 ^' 
t—tjuLJ VI (J^G (jjs ' . 'j j ^ ^1 Ij'i.iitlj dil ij 1 11 <j-+J\ J!>L>. j-^j^ r-L^ILiLi 3_ijJjJI 
3j_ji-2l {jx Lj-oj 4_uJLnil t_i_uLJ2l JiLo <»JJJ L^Luj .(_p3j2l 0-r>o 4_ujjiil 
.(JjI^ Jjlj ^j-u_u Lii (-jjij^LlII (JSLIJj Ltiaj) j^pajjGj 
^j^-> * 1 (jl ^--5 t. 1 i 1 11 tl (J-«-Jj . (jl i n 1 2I «LjL_Lt-a (j^-ij-^jij JLlA (J-uLjJ^aJ 1 j 
1* J ' ""' 5- 1 - 1 - 1 L*rH=> L^- 1 1 >* d ^N J "' ' ""^ 'Lu ' "I 2tj ^ , nj I j ... A « i-.AjS CjLjj^SLlLI 
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(jluulllg CiUgjSUaJI 

CjLJ^jjijij JLi^JI a J i .I 1 ?! (jr^- J ^-^ Cr^' ^J^-^'j CjLjj-LajjJIj Ljj_uSLJI (jSLIj 

Lj_uSLJI (j-o yS (jjlaLjJI J .^Att ^j LiLLa jjaj . I ■ ho ] 4£jjjuz JoAIll ( _ ;r a 

' t-A'.ll ^acjlJjjjSj^jjLi^JI ^IjLJtjjj/l (^i^- 3jj)Lill Sj-La-jJlj tjl'ijoll a J i nSjll 

JU>^oJj al «Ja II CjI—Lljjij-jJ 4_'i£La.a j vl . ^ ^ S (J-La-aJI dJJj) ^ Cjj^Joj 

Ja-AJu I '. « < "ijlj /^-a 4_j_*_j_tla 4_aj-£aj CjLj^jj^jjJl-l^Jj 5 J i uSoXI Cjujij^LJj 

(_al i ti "IS Li J_j_uJ1 ^—b * \\ i ("ill JjLaLLa (J^>- l_AJ^>*J (j) fl . ^ ' I 1 a JUs-"i ( u| JLaj 

4-jjILim (Jj^ILtJl CjL^tHJLa ^—Jl ^J ' aj La JUX. r*Lcjl j ) ■ a rt 9c-xx*aj /^-&J • i_La_ilJ1 

■i n Vr^ cjLJljji. ^^ jjijj/jj-iSL! I j (Jj^IUJI (jl^Hi.1 (<CJ£5 . j>^JaaJI ' aiS Ljja 
(^ (^U! pLill I jut t;r JuL>o (jSLu Vj . dU,l (jjs 2 5 Ja 3j>Lc Lj^.La (^ j^j-jj 

- La aJJl CjLLxLi ^jLa j^s_Jl £>^ Lii>^ Oi)"^"*^ P - > J**' ' " a OJP^ Laj_t£.j . 3j)L*J1 
j^t_JI *l_4_i Li_iLa •»■ LgaJI Aolajj>. ^joSjj tp J)^**( i nil ^-ja Js^a^oJI ?c_Uaj (JJJl /^-A 
i4_2j^iaJ| 0JU}J (JJLJJ o^J-*-" ^La jlxjJI jj£. oJUjlxII diLcJij"ii M U Lai . * juJI (^ 
«L»Hj (ilt_irt_) -Sj-J-S Lajjt£. 4jilLaj icj ^Lll <j-a L_u^_aJ_a Ijjja t u ju (Jj)j-Ljl j^H-JJ 

.j^tjJI (j-c I jaju (jL^ jJ jj^. pjj'iinU f-La ^ 2 S j La£ «_«j»ll! ^1 *U! 

J_Lc <3_i^aLie_ij «UI I JUt (jJs CjLJjjj^jjJLl^JJ SjujijJJ CjLijj£Ll1I jaJjj 
CjLijj£LlLI aJJt (jl (_j-l^. JUiQll («-g-U (j-aj -ijjj-^' (-^J ^rh 1 (jU-^LaJ' ■» La i uJ I 
j_jjIJLj O-jIj JJ3j) jj^-J-uJj-fSLII jl JjjJLJI ji i U li ! 1 1 i^ z *UI (jls jjj-u 
5JI i nil I jut OJ^ * tlaAllI Ljjj-^JjjSwi f_j£ CjLijij^LlLI (jx. 2 , ^ , ^ ^-" ^ 2j olf 
j ^Laj CjLijj^LlLI (jl . J-i^LlII JLi^.1 tjl (jlr u^"J ^-*iJ ^J JJj • I JJ a *^* ' ^ 1 J 
^yjll ' klltJl 2JL>. I ^ja |_aj . 1-— A * T I Lj^.jJjiSLjj 4-SLtlXI t_ulj^JI jj^ J-i-^ (jr^ 
i _j>.1^_ul aJUt jj-a 4_o^Lj 4jI (_£ CjLjJ)j£Ll11 ^o-«tJj 2ij . I j" . ..^1 * ^ \ \ . ^ i J^tj 
i(j_jj_iJLl J)jJ3jJ! d>J «U! (_ya CjLijj^LjII j^j Lajlj) CjJlkjj (>U! (_j^ VI 
«LLaj_uaILa 4_j_aS *Lll ^—5 3 J La i J . 4_aLc 4-A^aj I La-i 1 ■■ 1 Ijj-Ua z I t. 1 1 1 uJ 21 (j^Aj 
jj^s 2Jl_UaJI «JLi IjJlS CjLijj^LlLI oJUt <'\\$~m~j isludge CjLij^j^LlLI (_L^J (j-a 
J)jJ3jJI SjjJ) OjLSj 1 1 j_uS (_L»^aJI Jiic. lj)l Lai • Ltala jj-xia I ui Mj Jia^aJI 
(<_ulJJI tjrij- 1 n<Vl J^ jl ^ m , n" ^Lij^iLJll j!) tLul^jt V cUI J-Lual 2^U_, 
(^ oLiibtj (_gJJI-Sulfuretum u-^j j^H ALLaill I ui u j>l .i_ix.LlLI 2j|ju ojutj 
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ijJLUIg JJbOJIg udJLUI 

I j ■ nAJ o Lbj jSLIJ SJ^UsJU Ljj_uSLJI jl cjLoiLtl (_>^»j j-2jjljj) ciLiaj^Sjijjjglt 

_ 1 c ^J-jJjJl jjAJj CjLJjj-aSjl a! JL^-**t ( iiL '"«■ J.'J Jj '^ 3^\ i nS I * .J au ' uj 
w 1 c z^ se-j a i JsoJsjJI Cj^Jjj (j\jvj)j Jlj 2 1 JLujj-j^ jjSHjj . Ji£J_a J-^- tiUii 
slj^j-l ^j^«; ^ J^Llil I.'."" -Sj^aJI ^LcLvj ,3.!^ ^ih^ cr'l ^H>^ J^*l 
^yfl 3_aLi. 4-A.iaJ 4 IS. uiXI oJUt CjJL^oj .CjljjLtaJI (_y3 JiaJSaJI I JL& (j-i>- jL^>- 
tiilj jj£j (<sj -1952 aLc CjJI^. JLSj . 4-uljlj-uVI C^jj 4jjIjI^VI JjLLLtl 

£j_a «Lj_jLLa_jj-jJl «l_lS_LII 4j^_>JI cjI^JLII » ilj-i_ul ^j^** i o<-*_La (jl 1956 <*Lc 

Jiajvjll .Sjjball (Jlj-uSLJI i_alill i. i j i.m i3_>.j^>. 3_u-uLu-u ollajj ^ f-^LsVI 

j I i " ■■>. I ( _ ;r i 3-iLjj <j-* i>_j-Llll Ij-A JS-a 3-a!M-cj .(jjj^tlll ciLoj" i .I a (ji 

L$_j jj ,,," /-.xjI 4-Cj i n n (JjjLj-S /^i^. (-J-4-* j'i* 1 '^ J-^J «(jjjLrs_Ll1 Jajj-tlo)) 

lil jijjsal! r^Lc ^j .«_o>UI (jjUtlll (j^a Llaj><i j>j\aJI ^ jlujjjSLII 

(J9-S> " l-4-iij . Cj I j Lu_uJ LS 4-u-ul i n~w <JJ9I CjLlSLa (—3 *La JL?-" i n l jl t,£aj-u ' fiLU 

d Uj,~, '. II cjLjjLijSL!! ^j*-*; ojLs (jlj lallajju pLaJI «Llo 2JljL> i Lu/Lu/I SjLaaJI 

. LUajf 3JLl3 i^LljjjSLU 3JJ_c>J.I Ljj-uSLJI Juua 
«G_lLi12 J2j il t-^ji"; (jJLa jj| Jjij'ijII ^jj^LlLI I kill! (^Ltll jJ^lj 
liJI i it (j-SLIj . (JLJLl 4 i ">- 1 La j i ii -^jj il all!l (Jj^ djlr OJlS Lax. jjj i n"lt 
-iron sulphide juju>JI j_l1jj_jS jl il S LiLi jJai-l i_aJl! Isjjjla CjVLs- 

i^l^U ^ysjjCd] JUX. u^ i nSQj-LJj"iS ill fiLLsL-oaj CjLIjj iS II jjljlo^l ^ya ^jliLlII 

j_Lc (Jjj " i tl jLa-j (Jl « i"il jlj>. ^ jr l\ Sj^LJ CjVL>- (^ =GjIjj>- ^-ijjj J^j 

CjLLu^ilLlI ^—5 LuLLajj-j (_£ LJ J J (j1jL»_ij1 CjJl>. Ji^j . pjj^"i i nil ' doIauJ 

...,,,, „tl lo^J 

Qa_jj_SLII (j— a (jl La-U-3. (jl_2JI =) tlf-aj" J J Uj <~. I A , ,.Vlj 2 j \l , .-," aVI 
(Jlajj (jl (jSLaj Lajt^lSj .pjljjiJI cQla i ■■ ^^ jLaJLy" i uj CjLJ^jjijij JLi^Jlj 
4_L,La-<JI aJJt '-.'J ' "~J i4j^I jdlj 4JajJI sil^v^l ^^ 5j^jJI Ljj_uSLj 4JaLx^aj 
JjJj .3_JLajiJI LCjj_al ,jji 3_ujJ^JI cljLjVaJI ,^3 cljLajJaJI ^ Ij^jS LaJj 
LljJL^ VI i-Sj-JIJ (0-! I J-* (JiseHJI <■ 'J'" (j^J -lS>*"^ 6^"°' Cr^ '— iJ ^ x ri ^^ 
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(jluulllg CiUgjSUaJl 

=) (j-\_aj**M ' '' d J a^\ -y" i uJfl . (J21 (r^>- 4_*_ll_tlu «G3j-*_« i."i i 'mTj Jaiifl 

3j_a 4_jj_iJ! Ljj-j lISLi ^j a S ~j .(_p3j2l ( _ ;r 3 4J^3J-U i_i-uLJ2l 4jLuJ (jLill 
CjJL^o JLSj . I felc (_gJLil!Li ^^llaJI (j-o /"'I 5 -utl ojut Jila jLicI (j-a (_£jj>.| 

aIj^I (Jl »" i~iI (j-4 tiJJj .cjLJ^jjijijjLL^il Ljj_uSLJI jj-c. (j-o 3 'sj Laj a 3JL>- 

4-S-J^Ja J -i 3e a II (j^a- i u j JL3 _J->JI 3JjCUll (jjiaLLU ( _ ;r 3 ( _ ;r i>.-LuLfllj (ait^JI 

j i nSjj Ljj-uS_J1 (jl 4_iS-<5_Ll ) j < iiLaHJl jl>.I ^j-jj-LuLoIj (J *" mi i /qj -^ ,>. ^1 A 

^^.3 Lo-3jIjj>. <iSj-fl> (jr^- 3JsL^JI jj^*.' Jj '"' a ' p "*"*'! CjLjjSLa jl (O^t^JI 
4u>Lx Cj z L>. (_3 d I a ^ i ■■ ' r-j^sj z /jy^Ji 3jlj^>J1 (jl CU-iJtt-i- jl o ( u 4_a^i 4jL>- 

jij^>-j (jl_i i_ajj>_i (jl u* > ij (2A-Ij • (J'*~ i'iVLj (_j <j"i i" j i nSG 3jjj ^1 i_£Jp 

(j-ojj iil!jS iJiiiia Sja i aJ Ja^ 4jLjjI j i u-lLj /oJ lLLI^ (jy^ SjjLaJI Ljj_uSLJI 
(J I »"i i"i2 w aSJ 3jlj^>- JLjJoj w I c SjJLaJ! L^JjJ Ljj_uSLJI (jl J[a Sj-1 I (j_o 

J ca-al l>xm jj LJL^- dlUJ Vj ilJj^i U£ ijLiJ! (j^"^ U}^ o^J .<*atiJI 

JLJ9J Cj Lj j^SLl! I iLjJ-so (_gjj! <j-\-S_<Jj_iJI t_i_uLJI (J1>>J (^1 LJj-^1 J-i! 

iCjUjISLII ijjla jj-c jLua £ L»j-'- ' ■ ■ ! LaJl jl jljjl>JI i_i-uLjI (jl (jL^uVI ^-^jjj 

CjIjjI <jji LtljLC Loj JUJLj>JI t_L;uLJL3 .42ji>JI ^ diljl^ ,jjljJ j_o^l (jSUj 

' . ' J ' ' *'j-^-" c>-^ ' ^~ L£> : *■^ , J' ^ »'"J,' ^-y^ 5 * fi-^ * c^' JLJJL>JI 
«!j-#]!j «LLI j-3jj Sjjj-Us (jl Li£ (jjjLJI -i la « a ^JJlI 3i^Jl_o cLajisJI oJUtj 
JUJL>J1 jj-a ljl o i <ta (jL-ojVl ^j ■■ o^ JJJ . Lxaj] LaL^-l 43jj-»_a 1 JLt-aJl Cjj J_>J 

«L_j_LJi * \\ i ii**i ) z <jL4_iJt_) ^*^ I la c jc£L>.l jcj i^l^jl (j_a (JLi* (-j-^-i ^L* (*-3 ^iiLa 

^gJ-LaJ J^i. jJLi (il^il i.'it -a i 'I I jlj .(jl-u-u LkjsV I AjK\ i j| n i utl (JIaJ sl^JI 
*JJ ' a ' *'34^' L>* d 'J ' a rt ^J-^' Cr^ ^LJ^jJL' JljJ_>J1 c-A-uutj . uuju-u jl o t nil 
(j-a 1j-_lIIS LJil f /h (jl I o S i^LLLj d ♦ i i"ia 4_]jlJ1 (J5^J CT^^- ^Lt-aLitJJ iSjLo* 
(_pLu (jl (jSLxj till j )<-oj .i—i-uLial (^jJI t_ij i n"n «ljjt (_gl i^llg" i n" CjLjj|j£LJJ 
(^ (. i j i nllj . sl^-J! (^ iijLaj Lx^a pj-<-ul JI^s-^I aJJt ^^ JUJL>JI t_j_uLJI 

!j_ii£ LaLia^Lua (^lll Ljj_uSLJI dlt (^Jl j-»-jj J| (jVI l^jjjji J£fcJt I juj> 

(JiLj (j_a Sjl i ii -»JI CjjJL£ JL£j . dlLbj & II 5JjML>J,l Ljj_uSLjJI (_gl (Jj£ (j^ 
jJLaj 1948 aIc 5_i^j_loVI 3jLalI.I ^LjVjJI ,^3 (_p=jVl C^>o JUJljJI v^jiJI 
L^J 'j a '" "j i <LlaA u 3j_Jai. 4-J i** (^-^J 'jVj- 5 LiW^- ^^ J ^^ LAJ rVjLA? 
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ijJLJIg JJbCUIg uiljJI 

i.'ilf LaliJ sLtl (_j^ I j~» i^»JJ ^ ' -^tl j-^ w all! JUJL>JI (j-o 4jj£ LJjL>.| ^J 

^j^Sjj . JljJlj>J1 Jl_u_u£jij jutj (jr^-jj^-* ^1 /?-*-'-* t ^*— tJ £*-*' ^— ) *- 1 i>~ > ' ' ~ *J '"'J 

2jj + ^2 (jut) 12 ju 2 + £ 

Fe+2H 2 Fe(OH) ? + H 2 

jljjl>JI ■x La i u-i (jj.aL jj-^j-jijju^l o^ '*^iJ LtL>- 3j>Lc ^^cLilJI w j" 'jj 
s!j-$JI (jLs lil Lol . «LU ujjj-u i-ilLi-A ojSLj V (j-o- dJJij * a jy """ "I f '<jj 

JSLLjj JUJU>JI I J i aj (_^o- «Lgj-il J-J-»J 4_lLsj>JI j ■;" i n" liili (_^Lcj 'cO-^' 
jj-ojj 1 J i a II q] » L x »- p J 1 jj-a 1 m mi ^j^bjjtj jjjjJI ^IjJzjI J^>.^Li Jl9j) Lai_4-i 
^^A L^LLi-oj ^^1 AjLsjlILs /<i^j V I JL&j [2 (ju !) 7-] JUJL>JI JLu-u£jjJuljji 
5-Lal r >->VI . "»M c I dill pl^JI f-^-*^ 0' (j-° cAj^Wj • ' "^ C - ^ Crlj^' 3^1a3«i I 
L^-tlSLjJIj (fjjj^] 3jJa_>JI ojufc CjJLso j<sJ La JUJLai! I J i^ ^Ls iCjJL^o 
(junutl ^ sl^gJI a JLJ-" i n" V-^JllII J.^Att ^ Lulj L^-C^Lyj-iSLl! 3JpiJ.I 
( _ ;r Lc J-3J2 '(_£>*•' 3j-° (J^.LijJI i_jjSLjj/J i=LLa 2 JU CjLujjSLII J^Jiiej Lx-ilj 
A^_U_aJl£jl CjLiJJ-A AjL^-**K ill L_3^J_uJ . 4JLL_u '"" se aj a (—Jl Sji^jlJI JL^>- ^jLoII 

J i nSJ-a a I * La + ajj i nlLSjl JLujj-jS ja I * La + IS 1 ( & 

CaS04 + Food CaS + oxidized food 

3 J i nSj-a a^j i iillSJl Ji_ujj-jS ^—J! ajj i n'lSJl Cj LujjS (J^_>o Ljj-uSLJI 0j-$3 
j»ljlitl<j/l (jyl^. SjjJlI! 4jir->L>. I i eaj I Lj^_uSLJI OJL^Jj is! JL»S 4j>-LLo S^Lo 4jI 

-.(J^Lilll I jut ^ (J^vjijJljVI 

I 2 ju4 + lSt_S LS4 I c_S + 2 ju4 

4H +CaSO CaS + 4H0 

2 4 2 

( _ ;r Lc (^jixj V il) (3^^ j-f^*-^ 1 LaL«Jo (jjijJ (_r^>-jijJj^'' l)' ij- C^j-'Wj 

aI ji>-" i ill I j'^ ij'a -T' (j-03 2alUtl , Ljj_uSLJI ^j3^ J^^'^l Ij-A o' ^1 (u5i>^-" 

I jlj . ll '^"aVI j^yj Juj_4J (j^JjSJI (ji^- (_gjJ->J,l A I itlaJl I Jut Jila (Jjj 7"^y La 
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L$_]LJ3 (j-\^>-jj Jtj 2I (j_« d a ■ la 4_uj_>»j JUJL>JI ^ya Lj^jjI Ljj_u£_J| < " i j 3> I a 
dilj (jlr j i*Lo ^1 cUjjoj iCjLLjj-jSLII JljUi-V <j^>.JjJLj^! I j-fl> a jir" i n" 
JLujj-jS ^-uJ JUJ_>J1 ^j^** ) X-ja Jjlj L<i_i£ JLlLjjjSJI ^J^L^jj <3 . JuJ_>J1 (JjLjj 
(j_o pj-i-JI I j-j» J.C l-Sj-hjj (jl L^SI-i (jl i iiWt * jk*~ , ,.j tiilj ^Ir j i JUJL>JI 
j-Aj JUJ_>JI J_Lj-jj_ji (jr^ lSJ-^* 1 - 1 JSIjjI /^j'j- 1 tlM '<_P => J^'' Cj-^o (_pLl!l 
. 3j_j_4-d «L£Jj£ «L»_ilj Lulc. «uj i Luj (j_u_JJJ L)3-"' -i^J-ul 

J^LLII (jljJljJ^I (j_a-djj_.il U£'-_ > _ 5 j_ , l ___>_ jljj_>JI i^Lif JSTjj 
.4lo ij-b^Jlj £Gjj_- 3jjijSLi («JL«J! (j-a jjls LJbJ-!j 'J L«J-! 'j' JL *l c^JJ^^' 
cjI«LJu_iVI ' a I ~ j j-4j . i_gjL>J.I t_t;uLj|j «LLIj jLill i_j-uLil JmuJI jujvL^jj 
(jl La^ ij^E_JI tfLuj (_yja pj^.jjj cjLbjjSLil 3JjML>JU Ljj-uSLJI q^ 4j^ejJI 
IjLj_LI (j-S-j jj .j j i ii j r-^Lc dJLLa ^ ii j I (jSLIj .(j-itoJ! (JSLut i ajjj JmuJI 

I jlj .mJjj*-! ^IjLtuj (_£] ,j£, iZjjjtC Ijl VI JLjJLjjJI C_i-uLj| (2>3JLJ V : ( _ t j_uLj/V| 
V iii_Lja_i i "y** s!>Ua-] I j I U I j| 4j^e_i I j I . ^j *!^J! (_)-«-><-i (jl J- >lJ I j" *' a ' 
» o i"itlj (j^_aaoj-J I j ^j" I o all (jl j£jG) (jJt*_U (—11 4j9jl»j (jl Ljj_u£_JI * _*"***' ' ■■" 
JLso ij^>. dljl j^jGj iLjj-uSLJI 4laLtuaj (JiajJ i <\ j" i ii^LjJI .ilj-aj pi jii-<^lj 
3j_o I J-ila 4-Ltxj j!h {yAjQ-gX] JLuiJI JU>.| (jLij i4J3jji.| (j£L«-! V L±j-ul_Lo s^Ua 
( _ ;r jtj i4jLSjJJ 4_uj^^ 4jjLijS (JjLj/j ijJLLaij . 41»c ?l_ij| «LoJj| jj* I jl (_Jjj>.| 
5-o>l i nil a\-A\ 3-«JaJI (_^o-J i(Jj^IaJI (_£jJi.l (jlr Jjtl" i n" L$Ll! (jSLIj iSiiKa 
Ljj j"1S ill (j_a Cj2t^L*_aJl ^j^** ) (j^( Pj-^' '^-A (j-* (JlTr"ill Jlx^s 4jLj_La i.'i i nJ 
Desulfomacululm j-lSLljLj j^*-j-J joJj-L^La j"j almj a) CjLljj j*CU 3JjMjJ,l 
Ljj_l1SLi t;r jt (aLkJoJI ■ a I* (jx. liluLajJ <>ajj LtLiijL^o (^lll nigrificans 
( _ ;r i2 (_pLl!l i_u i ii" (jl (Jl^>.2l ^JLfli (JlLo ^j^ » .tlaj i ■■" j^yj* (Jj iSjIj^ti! sUitA 
^ jjiJj L^j 2 i4_l!j_LLI 4_l>-LjJI oLj-U 4 i la i I ( _ ;r 3 4-aJLJ>-" i nil (jjjLa-JI cj^uLJI 
j_fl> 4_aJLLJ (_gjdl J-p-jj j*C II j uiTuJj i(_gjjjJI jL^jJI ,j^ ^J-J^l (j^La^l 
.(jjjLa_Lll JLujjj£ ^1 4j^ejj (jjjLa-JI -i^-l jj'** it_i_uLJ2l (_p ^ Ljj_uSLJI 
^ j j i •"■ iLajlj L^J O-ili SjLalLLI CjLjVjJI ^^ 4_l>-Lji CjLoL«j>. CjJL>.I JLSj 

tfl_iJ.I jL^>. (jf liiml i-.k^V jij . Bath iiLi 3 j_L (^ j^uLlJI 4j»jIjj 

j_flij .(j-*_oLc j I j»l-C (j j i a C ( _ ;r i5 jLl^jVI dJLl/j (jr^ w ^J ' a " iJ-lc. 4_Jj_LLI 
Jl^j S ■ t-j-uaJI 7"^JJ (J-A '.(Jjl i n"ill j-jpj t^J-ll i ^ «^j 1 1 i d j i mi ■ ■^■*-^ i ^flj ^ 
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(jus. w ^j i a " (j-a U 1 1 a ?-Lc.jjVI «_Lj idili JjtS^ 3j-a 4^. La- oil I (_£jJ OJl£ 

JajVI [jl£ Oijjaj ju-uLiJI ^j^-j l!I =l»jIj LjJ djj^ 4_ls.L^JI oLlLI [jl *U cAa 

J>aj<3 tixjjej ?JLi ( _ ;r 3 CjLJuj JL9 sLxjIjJI iJlulSj) 4 Ljj. ^^ lj.}Lu/ 4^jj( (jl 4j 
^ " Sj ^1 »" i riLa i Lcj-^J^ujj^Llo [jl£ 4JI »JLtaJI (j^-i (j-aj • (4j15Lc »_a I j.^** 
La '.JLcuJ JLSa •J J *"' X3 - " 5 LsJ-^-"'j *H3-' ja pW ' l)-^' O^ I JLa *u iSx.j_«jij 
<L>Ls.l (_f .iLoil (jus- (_jJJ Jjiitj J <U n«" i ii U Ciljlj i ntl jjs.Lj f«JL»JI (jui ,3jLiJ' 
(JljHi.1 £j\£ lil ' _) J S « II (JIJjjJI I JLO> (jLcujVI (JLcuj (jl (jSLajj .(JIJjjJI I JLO> 

1. 1 j i .ii (_^-JI ^jjj/Lu/^I 4_lLu(JI jj* L$J 4J_p-' , -'•' b^j"\ jll 4JoLu/^j cjLbjjSLII 

4_lU-«J! i_Jl3ojj jjJUXj iCjLljjjSLII (j-a q a 1 5ej I V liLali (_p3j2l Otso (J^LjJI 

5_L.La_tJl 3_ljxLl!I (j^j oLuj_iSL!l 5J!jl ijSLlj gj> i^ I jut (jl jj-JIj ^ I^K 

,T| 4_*_u_UJ <LLu3J K^J-* 4_]^L*jI >— *_sl * ' all <>Lj_a ^-5 ^ I il* tl ^jl . d 'J "*•**' ' " d 

[_g^ "i se i I o S tCjLLjj iN tl (J^. 4_]^HJ1 0L_j_a [JS (^jj_soj . ajj i n'lSJl CjLujjS 

dJLijtj . aj j i ii tLSLil cjL1jjj£ (j-a cjLui£ (j-1^ lsJ^^' «LuJI jlj^sj ( _ > *ajJ! 

Lt-Lqjy (_j-4j it—iljjJIj (j-UaJlj «LLI : 4_usa-<JI SLlsJI ( _ ;r 3 J i -■« a ~ V ^\^a tij^Li 
<_*£jSL!l I JLfl> (^r^- (j^-° L?' i^JLuk (j-^J-Ij •'— 'WjD^r!^' a ^& tZj LILjj^jSLJ I J >l na a 
(J^ w ' c Lj^-lTlSL J I r-Lcsoj . ^Lj^Ja LLaj CjLj^jSLI! ^ jj xSa (_j S jj Luj_2j 
. Ltj_al (Jjj 2 I-*'* (^ i." i i imI (^^J iCjLujjSLII (j^J I JLs. 3ljl^ 2-J-<l^ (^J JLs- 
[«Io.J . aI^o^I 4j^Lj ^s=j ^LlLI j-u_ul^_a ^—5 L_3j)j-»_a JSG 9ju-u\ ^j ♦**( t nt JL3J 
(_g^L>JI (Jj-aAJI (^ Ltj^jj i_3jjj/ (^ylllj-CjLujjSLII [^ ^j j S a II 2-J>l!l f'>^' 
. Lj_uSLJI dJJj i-felg J 1 '" (_^J ^^C" .-J"jj XII jj^i cLLa^^^i^. (_gjILso ju3-j_ic 
^1 r'Lcso (jjJI 4_i£.!jjJ! Jjir^LsJ,! 5JLs- ^ 5jj-^' u^ (j-^iill j j Ioj LcjIj 
. Lj-u£LJI 4js.LLso La^a j-uSL) ja_ki£.t CjLu^ i\ II jj_a 4_j_aS 
CjLj^SLlLI 4j j«j>.L^J (^JJI JLo^aJ! i_jaL^o2l ^Jt ^j^sj^l O-so JiLlII (_>ujJj 

J^QJI (jl-^Liu^VI Jj>.I (j^-j^if (jl l-^cjj) t-JL^/Vl ^<utl ^LcSLIj (j.>L«il 
» iLu_ul 3_^L«J 1 [—5 LLa » il 1 1 ii 2l (j£Jj CjL^j^LlLI [J^-ju (jj^ Cjjls=_i ^jl (jSLaj 

jMjJUjjJLaJUj-uz! «jLii (jl^(jlj ^alaLs. djn i n" (_p3j2l Otso JmIJIj .4j^Ls- 
siLil '"'I ILjla ^^ jaJj (jjJI 4j^L»JI CjLjj£LlLI (jl (J Laa^l •» I La i a a «(_£j_uSLi!l 
,j-a dJJij 4_j^L«JI J^LLlI 4^.j_<ji (j^a JUJJ (jl (j£-4J (jjL«J.I (^L. 4iiSjJI 

L_La> » ^ ' " ' *> l^J^ 2 - 1 tJ-^L*-^' [" ' ' d ^ _ °- JL? j cuLt-aJl j-uJu jJ^Ls. 
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«Lj_ll^_A LJ^L>. (j^^-J L$jI <*QJ u3^-l L)' UJ ' & ' *-* Oljl 1 1 c_t^e_] J^j) • ' gJ ' ■■ a ' * rt 

(j.il.nLi^jj JTLo-^PsLcjs-^I tcIua ^^1 Ljj_uSLJIj differential) aeration cells 4JSjLa 
.CjLlSLLIj (j^UIl i_a^tjV w -^j La ^psLojs-^/l (j-o jJjj (jl (jSL«j thiobacilli 
iLp»j n_d^L<-u^lj JjIjSLI! 2 Mr ? jjjL . jU~, ,„"-! ;jij I ^<-jl *<~ Vlj 



.(j_}L*JL1 («^>.L^j ' d-aJJuul Jl^_a (j_« I $ -^ < aJ (-^J1 CjL^Hltl ^j^* > (jL9 tiJ-J^ 
(j_« *ljLlJI Q^Sjj . MJLjJajl 0JI$J lLLijJIj (_)-aLi-ajj1 (j»a (_p (jSLlj (jl (jS_4-sj 

(_p3j_o jj* cjLjjij£LlU cjL*h1o sUaLu/^j J^Hll ^_^£- (j'Cji .i^ISLII Jii! (_L*Jj 
IjjI jJ-jj Ljji^j^ (^ Angkorwat CjIjjjjoI jlula (jl .SJL^jjJIj jL&j>-^I 
4-j-jjijj2l (^LJkl -i la « a (j-o aJL9| j-Aj .jj^^LU ( _ ;r 3 4x-!J-2JI SjLuii! I «MJ^c 
. 4_lLc ^JjlJ (jJ-II (_p!jj>- 2 1 <j-\-i JU (JLajj (j 2 1 3^3 (Jaia =U IjJ-i-a Clu Ij JJSj) 
Jl^jla (^ 4j^Lajj pocfion (jj-Ju^j jjj^jJI (_gij (. i i.i-».-i>jLi4Jl ^ i. .j mJlj 
JjjaLLU «UjJ (-^3 Js^>^-U JLujj-aSJLi » i ujJJ jLssj>- ^1 (jl ^_A-(j_ujjL] (_J3 jaj < uU 

(^ll! (j^l iXj^I" Tr^^^ Ui^j . j-ull L^lLc (j-Li (jlllj Ijji.i'i SjjUI SjUJI 

J i nS LH-jj . J-lILj^ j*\ II I JLA » ' i a*i diLb^ j'CII 5Jj^>J,l LjjIiSLjJI (jL i>j_pjG 
«LlaLj_u^_i i-jLl T lj^ iSJ l ^j^ i~*-j Ojj iS 1 1 j-Jl jLssj>. 2I ■- la 1 ■■ iy\^- JLuj^ iN II 

jua (jl . jLa^-^l 1 tajej (_£JJI j-& ^^i^tl Ijutj . thiobacilli,j^Lj/ Lj^jj 
(jSLIj ijL*j>.3U ^jij^LlLI J^LlII (jjs iLi^sLi. 4jjLmi_o 3JL>. JiL^-i cjIj jj^jI 

(jl JU>.J Jl^J . LijLjJ (j-a 'l-JJJ^ OjJl>. ibjjjLA cL^jLitA <>j_u£ ^J^iL>- i-ill-ijt 
j-u_ulj_a * ' ' aJ Lc LdLcj . gL^jl itia cLjjjJaj (_pLIij (j_ujju (_5 4jjl5ej>J1 (J_uLilI1 
jLujjjSLII (^Ljj :3JjLxji i_jLijji2 3x.jjjij J^Ljj JL3j i4JLj/j_>JI (j^s (_gjL>J,l 
(j^J>.j|jJ-j2l J_ujj_jS '^H* (jJLcj uiTuJJ I j . .. A» (_gjL>JU (j-o 5JL>JI OJLA (^^ 
(j nl ( uLi^-u Ljj-uSj «U^_r»o LlAj 4_o*jL>JI j-u_ul^ll ■- La 1 ■■ * (_JI (J-t-aj (jl (_JI 
j-u_o1^JLI 7c La 1 ■■* (jl (JSQll (j_a P3-1-II 1 J-A (j^a-iu a> (j-*J * ^-4pi>^^' O^* 3 * (j^i 
w I c 4-Lil 1 11 II el j ^ I ' .^ tl CjLjLiJjl (jjs J-JJ^ LSj-^iJ .(Ji-I jJI (^1 j « 5jj 

3_Jl_<-uj_>JI j j 1 nlj^j jujjjJI ttIj-jI (jl Lsjijji-o tt j 1 r> 1 lilli (j-^j ^4-y>^-" 

(j * .' 'J ^Li (Ji )<— aj . 4_^_lLJu_a i_l I 1 1 »a (_pLjj 4-uLu/j^>JI 4-Li32l ^ J t-> c I j 
Ojj-iSLII JjmCla i4jj_uSLi c-jLij-oI (^Jl J-»-jJ 4_<_LjV| Jalj J£ (jL ^paljiaVI 
j-j_±S j-jjj l_j CjljjLi-jSjI 0J-$J (jl i-4-ijj ,(_^_>JI Cj^LuI (_5 cU_a_uj j-t-aLI^. 
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(J a" mm 4_iLaX. «L»_uj ^G_a (JSLij j" i ii i a" < nj d i uj iS (jl .CiLijj^N jolt m£JjLS 
ljJ-5 2m i. i * 1" z (j n 1 ( nLJa-LJ Ljj-jJiSj (j^>-lj ljJLuj^ jN 1 1 ^j^* o~*- (jJ&Sj /jJ^. 
mJJJI CjaJll (jjiilajj. jj* Lajl j j^LU^! Cr^ JJ-* W O^ O^ "-^Ij cr^ ^J"'^ 

.jMjJl (_p=>La^>-2 (j I IM IjJI jj Ir^U (_p-4J 

La LJlj . SjL#J j-uu (^jj^LJLl 'I i iiall iLiiiSLLa ( _ ;r 3 j a" i n" (ji * J ***"' ' "'J 

3_LL>JU L^-lISLJIj ji a^VI <Lxj ,,," ^f ,jiUj i^JJ! i-iJlI! ^ Llui cJJa 

(ji (j^Laj Laj l 3j->" 3-C.Lu-a ^^ CjLjjj-jSLD 3JjHi»J,l bj j'i'C jtl j j^jjjlj i nil 
( _ ;r lJlj CjLcSLLI ^JLC 3-g.l 'tin (J £ 3JLa»l Mill C)l j It" i ii 1,1 (j-a Cj Ll Jj£LlI. I 4-iljj 
3Jj_j_>JU Ljj_l1SLjJ1 * J k*~ ' ■■" ' ^pj i(_p3lj-o2l j-<IiJ ( -J i^ Sj-iLs •» J i aj JLS 
J_jJU>JI Ljj—lTlSLi * J k»~ . .." i a-Oj ii La a i 1 1 jLjI JUjiJ (ji Lfl>j_j£.j CjLuj-jSLU 
j i u, ) * j rt d ja i ii i La t.iii n"j iCjLst_tlujJjj ^Lul J " ' a rt 3^*^ Cj' * uLseJaJ 1 a 

.4j1jl>. 3 jo hi" (_^-fl>j water calamity (c^Ldl 5jjI^» oLdl 

(j-a (jS (jLj till]} i^LLl JliaJj dLojQ £j£. I tj mi (Ja-d-i (jl LLtawl a (j»a (j5Jj 
m£ jjl ' d-lH-Il (j-£. 1 m mi l_3jjlj LAjL^jIj «3j-jJ_>J1 0j_fl> jLss-l (^^ ^t-" 1 ill 
jLx_<Ii2l 3'jj' lP-° ~ A U *'•"•' .jlj-a 3jI «Ltl ( _ ;r 3 OjlSj liLfl . CjaJjJI d jj 1 uj 
(jSLajj . Liala sLU f 1 1 r-» I j CjLij^£LlL1 O-aj dlli^e-ij a LtlaJ Ij 4jLjSL11 (JjJJ 
(jLi dJJi nijj_bJl (j^j *»j^« a IjJl^ 4jjL->J1 jLjJ^lj jLajJl ijLua J^i^tjj (jl 

3j i.i^l <jij Li jj_S_j_t. I . _. U*. , „"j .j-LUI sl^^JI (jjs Ij^u^ Ijji^ *U1 ^ tilLlA 

(j^_aj_j_^Jlj (j-\_L r e— lU 1 (JILa ^ljI^jj (j^oJj^Jl JLu^iSt (--)LJ (-J! d JJ .^*ll jl^ll 
.mj jl ^L) pLaJl (_J1 >■ 1 1 'MpJ iCjujj^Lul Jlj-C JLua d i-iLa ^JJ ' ^ ' ^ Jt rJ-'-* LyAj 

cjLjj_j£LlLI i^ll^" 1 11" liuj^j 1 jij^jJI jujui «LLI i_,' a jjk*^.tl cj^tUl liiuLaj La-ijj 

liLoljjt^Ul Ljj_uSLjJI j^j cr^ '-^- JI -' £ - J- ^" I J ' ^" \' Xj * *'_W^' (j-° 7"LlLl j_p 
Lta I . aj ? CjIjLjJJIj i-ill a 1 u"l Cj^aj La-ilj n— ■ 1 n-r'^ ^j A»*.tt j^jl^jj LjjjIjIj 

jl ^L>.Lc jajJI (^^ cjLujjSHI 3JjIL>J,l Ljj_uSLjJI I Jjjj . Iaoj/I cj^JjJI (J-^j 

v^jLoISLII (. ilf V LaLvu (>t».j|jJuVl JLujj_£ ,jji ojjjj La (jL^ Uj dllJL^ ^L->-T 
till j (jicj .ijliaijjl (jjs JJ>J L^JLS Sj-L^-a 4ju^u <LajljJl 4jj^ jj» La^ '^^J' 

-i^gj" 1 j UL>.-<i^LSjl (jaSLjj ^ 1 njj «Lol3 (j^j (^jj^LJil &LU cj^JuJI jjljlu 

. «L»_La (j»a (J^* 1 j-aj <■ <* if) \ 
Cx_j^>. C-L2J1 (j^ LjjjJs 4jala jjiaLLa dJj^Jlj ^ J*JJ CjIjjt- ill ( _ ;r 3 (jl 
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Ljj_uSLJ! (j-o tLaLaJLa SjjI/Ljjs cLajJaJ I OJL& <J53^ i-iJLaj . Jjjlutl jLujj-jSLJ! J^J-QJ 
^1 r-Lljso L$JI (_gl) 4-iSa-LgaJ I =Lul jJI 4jJL«jJI CjIj!} (j-o J-uj^ A 1 1 a J i n^jJJ 



2^ .Utl oJLa dLi 



jp^liJI J, 



i^& Lu Ij L«i-(jJS-Ll! (_L->-l (j-o »j i<itl 

Sj j se 1 1 1 (jjSij ((jjjSLi^Lil!) (jjJI^jiJIj t_JLaJaJ!j ll!\ n > nVI ^ ^ .utl ojla <jj>^ 

•.vliJLsj U Lla^j Laliaj (jJLlII 




JI_piJ ..jJI jl^lV 



C** "JJ j J 4lisejXI 



Oi-irtj 3_u|jjt>UI 2 a La - ' I pL^jl uxuu^ 'o*-.'^ 1 * U)'>^' Cr^c ^J^-" J^T 
ij j se 1 1 1 Jjt" i n" LoJUC 4jjaj^3 3JL>. LjLo* I ijl! JL^oj . 4J£ (^Sli! Al laJLlI J g i"m 

LgJI ^J Li£ Cjju Middlesex j.X ... tj-j-a ^ 3-<£p-! *jj^e-i 3j_a OtSjL^s 

..) Sdll^ (j-a /oi:jJI (jlc j^jGj-it .^Lj^Ja j i~ ' "J La b-^J 'c5^ J j^H 

(>_i!j -j-^-i-II er^ <S^ '^"'"^ <^Laj . Loj j^-J! ^ ^ JJI *UI J^ J^*jj 
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j-iILjj-jSlil Sj i n^j-Uj 4JjlL! Ljj_uSLJI ( _ ;r <j/jji ouLcl Lajjj (21 ,20 >t_jL^JI 
u-lz. j *J~J ' a " er^ o jj tal! I (_gjlj q^ chromatium aj_uLojj£LII ^-'-^ ,j-o 
*a~^j 2JalU oLlLI jj^ j_u^j .(JjsI Qa^.LtaJL> Lj llLS" lLj^^-cjuj^SLu I ^jl^j 

"\j ■ a a* II ■ . tl -> U tlj 3_ujJI i_JLtlaJI (j-a 3_<LuSL!l CjLcj-a->JU 1. . 1 1 n* (jl 
.(jljJVl aJ-A Jla Sj-JL^JI "LuLU c-jLjLIII LdljSj 
, U , „j" ,i j^i lf« i_tjJo Jila Thames j_a_L~JI j g ll 2l-» . v»tl 3JLmJVI (jl 
(_3 J— lj-j^ iS ll (j_a (J J-J-st-a (j?^" i h a ^L^J cdl 1 n^U «Lu5_*_aJl Jjjufo iCj^aJujl 
(Jaa* (j»a 7-aJuj ^^LlaJl (j&J Jj-aJuj 4_i^ (j a i nil (J£_j_& (J£L"jj . (jLo* 2l t. Mr t 
oj-a. (jlr "u£ I i.^tl ^LjII fOl_j£. oj^ ^-° ^J^J . 2_aLc S^jj^ SjxjIj (jLSLU 
(JiLo (jr^ "j Laj 1 "tl ^1 i_ajL^~ (jjJI 5js^SL>JI st^a- (j-a (<ii.jJ! (_^Lc ' *j j * "* 1 1 
(jLa iLjJLc. cj j I'll SjLil (j-c 5Jj ' 1 .1 cjLcLu^iJI oJl£" lilj .cjjJjJI I jut 

(_J3 JliaJjJl *-(-a (j-£. ^Jj"* rt Jo. (_Jl 4J^ 1 1 n a ^^J-I' 3> j iN tl 4_i£.LLt-aJl '"" u j II 

j»^J! 3 K miU tfJLA jLj ^Ju <j^ (jl . j>LJ! ^ 4-iia.ljJ! 2_uLU ^jLaJ.1 
V <^l!I ^jUJLl jl (SLal^JI) ^LlJI JJJJL1 jl ^ jin -i t l ^-JUI ^ jl>*^L, 

«l_>JL*-a JUlj JaJJ3 jL$J2l (_3 L$-dJj-i-aj a"j (_£jL>JU (jl . JL>.1 (JLu j Laasj 
(J^sl d o .J a '**' 9 jj»_J1 ^-5 L^jijj-t-aj Lai . 3_}Lc L^-La jj-t-a ^i j < I JL>. 4 la a uiajq 
*La 4^>*j_La ^jt-ojLxJl ^J La-AJI ^& 1 * 1^ ^ V LaS - Luu Ua ^j i n^> (j-°J .4_]Lt£, 

jL^j^I '•"->" ju^. oLlLI QaSLij .(_gjL>J,l ^j^ cjLjjj£LlLI i. il<* I JlLaj j^ejJI 
aJ-& (j.3 cj! < ■>■* r U j-i^. t_a^!LU jijjj/VI JjjjJ! Lai . LJLc ii^llll Sjujui 
vZjLl^jSLJJ 5JpjJ.I Ljj_uSLJI ojJjj ^jlII-jlujjjSLII (jV jijjj,I ^a i^jL^aJ! 

(«-" . Jo-«j/^(I J_jJ_>JI J_l1jjj^ ~^-yj '(jLa^JI (^^ JLjJL>JI 7-^LaI «_a ^J^Lajj 

CjljdLij lilaljdl (jJalJll ^j -Sj-uJI JJOaJ! JjL^I (^Jl J^eij i J i hCLu 
4jj_LI,I oLlIIj JLajJI aj-tb (_p-a (^ pj^.jjj (jl (j^-aJ ^IjjjjiV I jjJI (^ 
J I a J-JJ jjI (JS (J^l (—5 p-a-LaJI i )t_altij tju_ijtj i ^ u-LaJLI Ljj-uS_J1 ^j-a CjLj_aS 

Achrobacter ^Lij uua j^Li j^l (^-a 3^Lc 5JjmhU Ljj_uSLJI o!"*^' cr^ ^J^" 
c-j-j-LSlj J^La. ,j_a (j^-^? - ' "aj?l L^*1jj Lajux. Ljj_uSLJI eJJb ^Jt^Hj ifisherii 
^°i JLj miU IjL^J jjSLajj .i_kj^L>J,l CjL>.j^j jl aIj^^I JaJLua i. i j i iU 'LluJI 
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«L»_iljJl (jl ' a ' "j 1 1 (j-«J .dt^JI ^j "^ i (-J3 Lu_uj Lajij j Ll«1j.} (j^^-J (J I 4_*_j_tlaJl 
(jJs J-^- 3 U-° ^^'*^U Ljj-uSLJ! ' a \l ■^ i Li (jjaj) .4 j i niLajjJI ^1 ^£.JU V 

g-a LaaJI Jj^LLsl L^-tiajt t. u-uU Ljj-uS_J1 (j_« Sj-jJLt-a ^ca^s&ja c-^-9 ** " "• '' '^-^ 

Ljj_uSLJ! t-Ljjoj 'J^' L>"'j^ O" 3 Jf*'J J 9 J-* H 4^jLii^s 3-j^p. 3jjL<i-£4_lLiji-i 

Cj L> jj£Ll«JJ L3j-o JS-4J (^jJlII I j«JL«JI (^ (jjJLl (J-<i^>-I lS-^-1 Ij ' "J m'^J 

j!j_ui ^ i. .j i. ill (jJLc K.R.Bultin. (Irt-Llw o -^ c-^-°J M^*^ ^J .3j$Jil 
tjLS I o ^ ^ Ljujj_u _si^ i nil ^—1! jj^tlij * ijl^JiJl ^jl ^—11 jLiolj . (jjj_L>Jl * J j>3^ 

jJJL) (j- 1 ' (j-*J 'tlf^^JIJ^-i^t 1 Jl-ljj 1 N 1 Ota ' 5 II Cj^XlJ «L^_uj L^j^Ua (jj&J 

.djlL^jSLiJ ajjiiJU Ljj^uSLJI -.^.oI jlUI LoLsjl^I (jji 3-jU-VI 5 jlujj^SLII 

*_<_ulj JjLLa-i _ 1 c d *j . utl ^^^ p^-*-*' I J-A ^j-a ^Ljil Cj^Jj CjJi^sj ^jt £>S_4-sj 
4_l2j^sI Ja* L-u (_j-Lc 4JiiaJLo jj»j-Walvis ^j "J^^JTJ^ o! •oL J - aJ '^' J^^ UJ J 

IjJL^ j x i II 7"Ljj ^J <i -*oj-d * < uLlu CjL>.L_u^ (_£ liJl ( u2l /)IuLi3 J-^*^" L)' 
«L_LjJ-a (—5 p>l-Ia Ha 4_uJL*il '"«■ <~j * < ^.1, 1 j)^ , M " (Ju_iJtj JLujj-aSJI ^j-a Ij-jtJJ 

J j a-jj .5_bjJ.I 3-c.L.u 4j>-j (^yiiejj Swacopmund JjlJj_*jj^Ij_<j/ ^Jal uJI 

'"■ j'" Ly&3 T ' ' Lt\ O^J-^ i-dl tj i nl (J3G)) :j_u-o j^ laaT u j-ijt-a /_ *-*■ ' * 

JlJj_4-1J^1j_*_o jj-a "-U>3 ^>>-' ' "H 1j^_t-£5 CjJijkLfo JL^J >((fil I nil ^—5 Jiil J_t£- 

I JL^i "' .'^J <*->!« 4jc_uj aI Jl^l 5j^Ij ^^e-i (J-*-*^ 41jil i-i!l 1 i ii^ll 1 jj' a (<i^l^jj 

LtiV LluiiC^LUsI ji2 4li«lil oJI ^inVl 3-2cj!j (jl t^sI^J! ,3^^ . 1954 *lc 

Oj La-i 1 -II (jSLxj V 4j^Lc (_j-4j iCjLjj^jSLJJ 3JjIL>J,l Ljj_uSLJI Jal Miil SjJjit 

. I Jl_lf L^lLc 

j^jSjj i^L^Hjl j-J-i-J p^-ua^il 1 JLA (—5 /j-Lga^c-i ^jl-LijI Cjj^ii I o^~* „ ^"' ' ■■ 'J 
(Jj£j . t_gj ui j 1 1 (jjil>JI 'I .-^"al ^^a ,| 1 ,||| t_uL>J| (jL^uVI 4 j <i 1 im (jl i^)^-*- 1 

Jj» 3_uL3=jVI ^LtUoVI oJLa ,jji S^LaVI 3j^j^j JjLHI i_JL»JI ^ jJi-Ll! 
jj_c LJjLS j_La . 3j>j^>-j_o L^_il (j-t>l ' I ^ ,^,\l ^.~ , ,,l » .tlaj 1 ■■' 4^SL>. dJLut 
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ijJLJIg JJbOJIg toljJI 

SJjjlJiI ji^jJLi <tj^j^>J! '"'I \l < v»t |j dil jujj j" i nVI cj^Lj^jo ij& iJijLaja! 

(ji^. I *jj > j i aj 5j jl . US'a , -<lj \l , V.aVI j it" ^jjul liliLaj 2! (jSLI . u mi-La 



Uu 



jJl^j (jl Lis* (_dJi £j a j Las- Vlj .<Lx»LljI Cj^L>JU (_yS ijj_<Iuj i4jL«1! *(_£-}j 

Q-aL-Lj lSUjj (J-«-«J! (^ * 'j'^'.' (OJtL^ij LjLjuI (ja i3j>_o->JI ^& SjLc. o^sj 
SJSLAilj.iuJjiJI 2Lp>LUI (^sitpLLVI j^lc L^J^l*^! Vfjj^jil <j^4_uj^. 
(jl . JLc-aV! Ijl^J (j-cJLc: i. , 1 , n dJI_l_a (_>ujia i3jjl.il 3Knu (j^L-uVl ^ 

.(_P=jVl (^L. Sjj-pJI sLuijSLil ^jj^aill jUjVI (_g! i*Lo-}U 
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vjai^\ 8 






«L_Lsi t_u^_) CjJL_>iJ L_lj>. Cjj_LLJ1j /J-Lse-j II J ( fl-Llul 

d SB ' a 1 d J < ilLj-ut L^jI tiU-O* I j**' ' ■■ a ' * rt CJT i* M J ' a a 

5_i_>-l_L!l (j-a L^_i7 La-S I j IS *j . v» -»*■ 1 1 cjL*-<Cij>J,I 

*Lu*j uagjl Lo^^J^_jjJ)j£LlL1 j^-t-a (-^.-il (j-° ^.U 

d IS mi a m£jL>JU '"^ Lga3 jj-° ^j^\^-"\\ ^jS^i <J 
(jL^j . ^ j I j tjl < mi tl JJLC (jL£ LojJ-C nJ>J^ 
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(jluulllg OLigjS.i.nJI 

. I j * " Lijj_3 jl 4_jjI_>JI oLj_U lS5^ *L»il *— '^JJAJ f«^jLaLaj>. (Jj-Lu "-JL«JI 
CjL*»<iIL>Jj jLiI (j-a w S u La (Ji LJLc. (_A (^jL^JJ ■ djj ■ aj (_3 «Laia 1 > I tfJLAj 

t-» , ,.jtl jj .-^»ll ^$ sLpJI i_aL^5jl LJjGj idiLjj" i H U ■ - . u . * ,«3 icLuLojjJI 

j ? 'l la -» j A j mi? OtJL^ L$jl JU V 4_laJ)VI (j£l uiU jl 2 l^JlII j lac J}Li-J 

c^jLSj ">Lj-° ^j'jj-^ (*-* "*•" ' "" gj^^fs^^ Lj1_gjJ1_3 r-jjGJI (jL^ j>l ijjjLLJJI 

(jLi La IjjLJj 1 1 l^lj 1 I j j'a Aj-^ 4jJi_5_iJI (_^-iljlj pj'j-^' cr^ C"^ 5-aLaJLJI 

CjLsLij \ajajul ^ J i a*"i i ul jl i ii**m1 (_3 (.mi nil (Q-#3 (jSLajj . (j^ q -r**< i u i (jjjLal 

jK i nil j>ji£. j>ljj j M.r *_<-uLl!l (jj-ill < kxalul Ltj .nosegays »jj« - -— 1 1 jjjtjjl 
j ;ila3. liJ^I i nil 1 JL& jl Tc-ual^oJl (j_a ^c-u^a I 4-j^Lu^ajl Sj^oIUl «Lst_uj jJ-U /J& 

. ^J j j 5 rt J-££- 4-1 I LaS 
aLc (_3 j_a_ujl j-#-J yc-j-ua la d ^ ... A". rt Ij.jJ^SjIj \?^_ i^y 2 'Ival OjLSj 

( _ ;r lJI (jJLil CjLjLoj *Lj3 (_£j^>«j OuL^j (_gj La- a 1 1 I ij^"* L>.j"iiia L-La^a I860 

^jLjJ.1 j-j-«-^- (j-a 3_lJjJ.! v2j!«Ij^>-VI i^jIjluI jlsj .jLtajiVl oLlo L^sj^j 
2 '7-ljj 1876 j 1845 (^LJ <LaL*JI 3 -» ,^tl (j-uljJLi LuLLajjj ^ I j* ■». 1 1 « «j 
i^jUJ.1 ■-'>! i'^'a CiTii^J (jj^AjlII (jj-ll! (JjIjI J-Loj . 1898 aLc ^ 4jSLU 
3j_p-_aJI 4->JL«JJ ojL^ jlj njj-L! ji!j-o (. il<* I ( _ ;r 3 c-j-uLjI ( _ ;r a 1 . ■ ■ ->"j *-a->«j 

CjLjJiLJI ^ i'i-iIjI (_j^ L$J3j_i^a 4>a-a JI^>.VI i. 1 If 1 iJ J3 fjJti \jt\ n\~~ OJL^^^I 
i^jL_>JL I «LCjj_a-s A J i n*m iLual I JLAj -n lal LaJIS ijj i^Lt4J pjj-^ *-^- <J l^_3) 

^^1 3j>1!I '"'I a-ua (j£ L^jj 1 11" Julj 3_lSJ •» j 1 aj oLdl c^Jl£j . (sewage farm 

4_u2_u (jl L^t-ualj I JU Lo (jLcj-^-u (2>^J * ' 1 a£ j-;^. J^ d ' ' ^^ 7c .' ' ^" O-ilS 
4Jj_Lll oLlLI Jjj^j ^^ LiJLi Ij Laj. UilLut (jlj 'LjSlj uig 4 jli** OjL^ oLlLI 
.(_p3j2l O-so i>Liil (jLjj_«j»j 4-Lva-iLa <3jjla i-llLiji tj£i (<sJ La t_!j_JoJI jLl ^jl\ 
(_gjL>J,l dl^l i<i^ dJIjLaj) 3j)^>.j^ CjJIj La (_gjL>J,l pj'j-a jnti (jl (O-f-JJ 
(jl VI (=LlL>.LcuJI jJaLtil (j^ I JU>- j_u^ (^^ jjajj I ( _ ;r 3 3j_£aL^a i 3^-LaJ 4j*^JI 
CjjLt-aj ij_o* 2I (jj_all ' tLLaj (_J3 «Lul_A Cjl^oIaj>. Cjj-i^ JL3 (_£jL>JU L^^a-iSj 

.5_JLc 5_iSLuLajj|j 3«La^ cjI j) 5_lUx. (_gjL>J,l 4jJLla 
. aLsj^I ^j^*; j 6 "'.' 3K uJll (oj=^>- (j£. SjjLc Sj£La (jlr J j • a -«■ 1 1 LuSLajj 
(j^s LJ^JL>- 50 ^aj West Middlesex 5jjjJ>JI (j.i'C mtjLLa ^ jK mtl a jir" 1 .n 
.d j l-»J,l (_gjL>J,l -'!"->" (^1 CjLjLojJI i_3j^o L^1£j .4 1 m JSLI Llajj «Lll 
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U" I a3 1 1 

(j_a^Ii£l jjjjLlII (j»a (j^aaLa I a_L*ajfl L^a-d-a a jJsj (_£ Jjl * * ' a 1 1 (JjLlIj (jl c-t^t-JJ 
(j-a » * ■ a *, I I j * o se 1 J . Lu^aJ «L>JL*Jj J-££- (_£jL->*-U CjLJ^ajL>- (j»a L^a-tLa 75 
CjLaLuJIj CjLc^oJLJIj i a j I . ^. 1 1 l j fJ a 4-uVI t_*-uLJ2l (j-a sUlx-a dK y~,t J^^Li. 
Jilajj . ((_£jL->JU jLjj>.) 4ljLvoJI <Lic I *-^tl ,~<\l ,'^Atl (_2jL%a^3j *Liii *— j 'JlS j J 
(jl /— Jt-xJi ij d JJ Lga-jLJI S^LJLI (j-a (jia (_3zl d nm**. * ) J'-^ J L-* L^J"-*^' ^^-^ 

(jSLaj V IjoJj i." 1 1 w ii Vlj jLajJI jl jL^Jal ^1 L^Jjj^sj J^a I'm i"i L3J (J-«-»j 

(j^a-Jj-£_11 (j_a (_£jL>JJ (_3 La 3jJ-i 4_j_jLL1 Cj L) J)j-£LjJJ JlJ-«-J (j"^>- *JJ ' *"*" 

(_gjl_>J,l » '"^« £ ^-°-*j lS^'j •liili ^=-ij jjA , ,,^llj ojj-jSLIIj (j\j>- jjHi! Ij 

Cu_tjt_] d la J . . >. /i i_2j)jJa (_J3 5) a**i i ii a CjLu_a_*jl 0JL& (Jjl^sj (jl ^_A aJs^oJl (_3 
^S A A,,\\\ j.j^sLuiJI ■» j ' ajj (_gjL>J,l /"»\l . V-a C-J-irv (jjJI ''W^' ** J ** '"' C 1 -" 
^jL-sJLI 4_jjijj c_i_uL_ol cUaL_o^aJ (j-ufc J-*' l -£J-ta (3^~*°J * ^J"- 4 ^ 3 Jr^ L^J"— ***' 
Cil i i ii 3e nS Lja-u j i iuj 5JL>. ^°i =L>JL«Jkl <UlxaJI .iljJJ ■» j i -»"j '. 4ioJL>JI 

^ (j^iLdJI _?^^ 3jL2JJI (j-a !ju>. £L>JLnil oLlLI ^-Ijjj ;~<l j ,^.^. ^ ji 5_ijiLI 

sLa «:LaJ (jlf (JSJJ i— ij i>> (^1 !>liLa q uS i u JjLa (^3 Mogden (jJL>.jji » * i a " 

p fl i ii riti f«-^-il J'J>" l£J-^ Xj) •<ji> j 'j^' j*"- ' l ^- La ^^ t r J J-^' ^^i i^iiill 

.i^LxJI 0JL& (_J3 tfLjJj ' Hi I i il * allflLfl . LJ-a^-J (U-laj I ^j "^ I (j-a I u mi ^j^oi-ajLj 

Cjlj1J-j>. (—J! I ^ **' j 5 S Jjlj (_£jL>JJ i>Lys jj-a ^ j iS jJ^ Js^jlj Cli_iJtJ d iv^" 

^j-a » i^oS * ij-^" Lr^ (J^l i n"l (jLc^^l ^j^* I i-r^J ••*lO j> *' ^J-° ' O-""' ^4*-* 

(. . . (Oj-!l I J^J u-ll in"> - (_g jJ (j-ojJj . . . (Jj^ (j-a tSj-±C- ^J-^" ("^ UsLP : *^' 
(Jj i n* II tfLua (j_a L_oL_ot-l_btj LaS-4_jia^j «LujJL (_£jL>JJ dJ>l tJa£ (jaSlu 
,-»\l ,'^Atl ^^qjljj el U I" ^- ^ CjLaLu>Jlj oLdl CjIjj^j CjLc^aJLJI (j^s SjijLill 

>jSLalJI (Jjj (JjA^J 4-utj-iIajl i 3j LvaX I oLta (j_a (Jula jJ^J 5ijLvaJI d ^*~ I LcaJI 
jjulJI L^-ul I a I ' ga rt 4_j_a^V1 jlj-Ajl ."*\1 .^a ^_a (_j_u_ujJ1 j ■ a ** '' (jt tc-Us^oj 

Ljj_1SLjJLj 4_i_lC. d i \ i r> ^lj^ (_£jL>J,L3 ' ~ ' I a la I U j a! »Utl CjLjLojj 3j->"j 
cLjulLI i. 1 1 nLLa ■ la i ufl (-r^J ' d ^J Lajul _il^JLl (j-a Lc^aJ m^o^ (J^L"s_a ^^ 4_ol»_a 
jj - aj ' LaJU^. i d ■ a a (j i n~wt I j" >i 1 1 * rt «LajjJa I a t * j (j£Lajj . Ljj-uSLJl ^_a_J 
4_ljji_ljjJI (_gjL>J,l *L>JL«_a '"«! j-La-C =Lj-3 aJL^I i_3j_<j/J (_gjL>J,l » ' i a a 

.(jXl 2LaJLi=^Jl! 

Cxjjv settling tanks u-i j ni>lJI diLg.Jij"iiiia ^1 (_gjL>JLI .-<\l .v.'a ^j^Z 
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(jluulllg CiUgjSUaJl 

Lol . J i \~°\ julj I gale (_gj^»j Lo ' a i^al i uj i settled sludgeci. i < "j-lU (_L>-_aJ!» 

3j_ifaJ L^JJ^JJ .3.'- C*-*- 3 *— "-£-** ^-t-sL>. <-£jJ-l (-Jl i_£j^?ell3 fiU_lL_aJ1 CjLjSJj 

(j-iL ^1 2^j ,'^.tl jljJJ (. ilf j ju_u£jjj 4_ul^JI Lj_uSLJI I jj'*» j-oJj lixjjaj 

4-uLull cjLlLic (_jju>.I *uj llLIjuj '^y?^' (jjj _3 LiJ 1 t_ij^jj .Q^jj£L!l jj i nS? 
,-.\l ,^Atl rLb>o diljdj iJSLJ! ^ LcJ jls Qi^d ^jjt!-^" 6-° j-^' l-JJ^ o^ 

I JLA /j o I nJIJ . L^ J**|S 1 J 1 (J^-J ' j ' rt r'jJt-JJ (__£jj>.| <■ M ( i^J 4_U_oX. (-JI «U_lL_aJl 

jUjj ^ taij x_«jcjj iactivated sludge - La ■"■■ '< t 1 jJ^aJI '.(J^jJI <j-o ^LUI pj-JI 
t^j^oJj^Jl J j i nS t (-jLU ^Lfl 2l ( j : ^5^-]i c ^J- J - u (j-* '-^i)- 1 (j"^* d ^JJ** L H> J i-r^i 
CjLj|j£LlU (_>^a-»J jL«3 I j '" J 4_ul_a^JI Sj n"i mil <ic.ljjJI (j-o pjJ Lgli 4_lLoj<JL3 
3_l2_i Lol (3jj 3* tl li]j_> <tll«j l5^0 (jl'^'^l ^Ijj-II *^J Cr'S ^*jLJI 
. l\ n i uS p Luj Ljij Lolj i. 1 1 ii^pJJ (_L-vjJI ^1 i 3 1 l aj (jl Lol ^£3 ■ La ui ' 1 1 j_L>.^JI 
<>J_A (_Llo Jjlj £>L_ljL1 7" J ' -^"j " Ja ' ■■ * 1 1 (J^aJl 4_lLoX.» L$1S 4_lLojlJ1 0JL& ^. o i n"j 

I 4J lil Lol j-gJLil ^ LJLc. Lgjj^aj (jSLojj j-^ ^^- ts-!j 2jS'i <L»JL«JJ 

1 ro-ILij ii_ilj^Jl jqj^3 (_p-o 4-lo1 i no 3^Lo ^j_o 4-S-tIa /^Lc. L>^P M- 3 ^ ' ' J ' -"*" 

n^jLjJL! » "■^" w Jalj?^ ^L^uJVI Laljj c ^L£3j!jji_^Li.Li.jj LJLc dilj 
Llaj .Sjljjlc a\ Sh\ LjS-o-i-u ijJjSLlI (jjj 4Jula J!>L>. t_ij i n"lL JSLjiII ?>• ^ i ujj 

(J_jjH3 Cji**(j i ii >LoaIb>ILuj 2i Ij ^j d * 1 1 J Lj- uS - J I ^j-o CjLoxLs lLj^SjI /^Lc ^_o_u 
fCaJj . LjLC ^Lo Q^Sj ^ji 1*1 mijj ^JjIjj-o ^lUuj i4jj_tiaju1 ^1^_olJ 3j-o^ 2l ju VI 

tfLil SjLSJ (>SL!j LLp.1 JLojJI JMi- j^uij^JL 3_sJLtII oLo-LmaJI 4JI3I 

.j^t_J] jt j-^JJl ^_3 3j-*IuL_o I j'Qj ' a 1 ?■ o 1 n 1 1jL>. ^-Lu 
4 1 t njjj jj-* f^-^-J- 3 ' c? 'L) -0 ^^' d IS mi o ^jILoj ^43 >■ 1 1 '^p-li (J^aJI Lol 

^JS: =Lie_U3 (j-^f ^-^ Cr-^J '4jU! ^ 90 ,j_o j-l^l 4_^3 «UI 3jm'i ojSj 
pjj ,j_o Sj o" i .1 o pjlj-o lLIIjj .digesters CjLo-l^LjJI ^ o . n" 3 o V i >■> (J^loIjj 

5tlljj . LjiLjiI 4_uIjj*^UI Lj_uSLJI Lja3 jjiJj Oijjaj 3j^j L^a3 (j inl"! ij^>-l 
(^3 4jj!jdl i2jLjj_iSL1I (j^l (>lJ>.j|jJuVl JLujjj£ v2jLjj_iSU 3Jpi>J,l Lj_uSLJI 

cjLjj£LJ»I (jSLIj i jljJLl (j-o 4jLi Laj 3j->" j^ijjlj i nil Lj_uSLi (JL>o LoS *U»I 

«Lj_j1^a_A 21 Lj-uSj LajLci i n"-i? JLAj .^jLLlLI Lj-uSj ^-.A ^a-«3_u (-jail cU_u_ujJ1 
icL*_a_uj cLaj-saj ^jLLulj i^j^aJj^Jl JLu_uSi z^-jL) ^—Jl 4jj_Ua_»J1 J^aJLI j < nN"- ti _gjj>.t 
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U" I a3 1 1 

^$£ ; t _ 7 -t-j-iiaJI jLiJI jl ."«! »^r, , ,.t I jLc, (j-oAj j_& (jLLlU I jl&j . jLc Lut^l^j 

oJlj La 4_4Jj_2JI (_gjl_>J,! » 'I i -■« a ^ya « J O-iLS I jlj 3al ult j^j^ j J i a^a 
t-LLsoj . LgjLSLa (J-lJLuiJ /j^ 4-aJLa-"i i n" 4iuJL>JI » «l .^1 1 -i la « a (jLa isLSj-so 
CjLSj->JJ ^y* ujJ /^ ^jLLjJLI aJL^-**i i ii ij t^LJa-u I Q^^j >t ' (-Jl (J^^Jl CjLa-usLk 
4_al JlJt" i Jj <"»IMjU , ,.l ^^ 4_LaJ-ua lLIJJ^ (jl£LaVI (_^-3j .>!^J! i " 1 1 x ■ a a J 
(J^jJI j-*itJ 0>^ ^^ Cr^-i • ^W 3 "^ f ^u *^ L*^ v^jLo-LiJI j jj i ii" ^ 
.SiuJljJI (JjLyJLl » M .^>« ^ 3alUlt LtsLJ IjJLuajj o^t!^' ?T^"V uin^lll 

(Jj£j Oijjaj 5yJljiil (Ja-^JI (j-o 4jLLI ( _ ;r 3 IOj 5 (j^-J TVj'j-" 4 1 1 hi ' a I i aj ajj 
^A_i CjjLoIu 3j^ (Ji L$jL^Hrfc_a <J J_Qj_uj 5j a" i ii a 4_ulj_A z «Lcjj-a d a iXL^JI 
Jal i ii i tl ^j-a «Lj>.j^ \ a V J II )> In (jl J^SLa-iJ • La^j Jj^ '"■'" (yJ] f*' -5 ' *J '"-^ 
^—Jl ^LJj jj_a L^£La Afl i a ^ U (Jj>-jj1 /. 5 'j^j « j,aJtt T Jl CjLjjLx J^Jj-jJ (*> '" ' "" 
4_LL-aJI .M^llj Lj-u£_dl t. 1 1 iijjj /^>* ^— ) '-^'j- x (j"^ <L>-^ w ^ ■" . .. i& <J-±& J^>- 
w I c I j i 3. 1 j" V jl «Ja_i_i Cj Li jj-SLJi, I Ljjjjs-Ljj (jJ-JI i-iLt (j-^j) S-ajLiLU 
P 3«La£ Cjli-idewatering «LU 3-!ljJ ^ a . n"j-4-ila-«JI aJJb c< '"jtj (^^Ua^l 
^ iLLaJI ^1^11 t. u i n^j d -J o^ (3^jt_i£ ^ a" i n i ' a 1 •■^**' *, I ^jLLjJLI ^j^** I TtLIjI ^jV 
r-LLij 3j-*-^ ^ j i iij-a J-alj^. S-SLual £>_L>.j_LI aJ-it ^^ j^SLajj . La JU>. ^1 
I ^Lj ■ i ■■ JL30J t da ' ■■ * 1 1 ^J^^^JI » * ' a rt ^—Jl t. < t i^ii J-*J ^l_lL1 ^j_>o ^aJ « ^jLLjJLI 
(^ =li«j»- i_ i a j a i. 1 1 .ij-U aj i <-i fl t, I j_LtjJI Lai .j^e-J! jl j^-J! ^1 4jL^iII (^ 
Oj mi i ^j^Lajj . L_i_jj-_Sj jj-t-a ,; I-La jj-u-uj . La cL^jjJaj «LLa ^j ^> \otul I j Cjuj-C 
(■ il<* i ^LS (jlj pLa-i iiS SjjLoJ! ^j^-«_' 4_i£j idll i i n-»J,l (j-a pj-" 5jJ-^' Cr^ 
Cj-jj iK 1 1 j (J1^>.jj_UJI) sLLa I j .^\l ^-" , ..I -jj ji^ 4jjI jJI 4jtaLiJI j_i^>Ll«JI 
j^ i im a (jLLlU (jl (QJ2-J-JJ 4-d-Ld3Q j^pajJul 1 JLA ^J^l jj-a c_t^t_jj ' O J ^ ' ,, ^''j 
(jl LuLtajjj (^ t_Jjuj 4j 'I Lalal sLlLojiJI aJJt (jjSj La lj^Li£ 4j ^j^ i n"lt 
(JjjLoJI (_p3j_iijj . £Ui (-;r aij Cu> J^e-iJI (jl\ J jLli^s (^3 aj i 'n $ [\ (_Lt^JI J-*^ 
L^sLj 4_aL^j_ul tl)3^-J dJJjuj jjjJaLiJl ^j-a IJLjjlj M^»-a ^j^J '"'^ ^- tJ J -4 - 3 * -1 O' 

. 4_lL->- LjJ I (jJaLtil Cj^Ij ( _ ;r 3 
j^SJj ' - la a a Cj L iL a J tj 1 <>JL& ^j^** i j-jJLt-aJl ^jL>JL1 » Lcaja aJL^-**i i uj Jl^j 
^^-J^ x-a-J^c-^l (ji i_tj*_jj . L < -i-a^ v L^aJLa-1 1 n" SiuJ->Jl jjL^all t.Ac I 
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(jluulllg CiUgjSUaJl 

(J'j-J La O-jLS 4_j_]LLa_jj-_Lj1 (J^»l^ i nil (J^>- 4_uj*_a 4_LaL_u I 19 (jl (^psLaLLol 

. 1966 aLc j^tJI ^a-S^JUIl j_LC.- L gjL>JLI ■ "'>> ^'» i «;-'" 

jlj^ ^Ir 4jJI < <ilt SjijI^JI (_gjL>J,l .~»\l .'Va ^jijo ^j-o- c-tcLlLI (^jIjj 

*_iLi^oj tcjI JJJ (j^s 5iSLjJI cjLjLiilLa cjLij^SLlLI (<u-uj jl i * * * — 1 1 4JsLU 3_?^ 
ju>. (jJI Sumj lu II ^Ij-LL 3 jiitl 5JSLJI djLjLiUI ^^lc 3Jial ^ jUVl 

Jilo (JjLuj (j^JI cjLcLu^aJI (jyi^. (jjjLaJI (_p3^ij La Ij_uSj . LjJjLij 4j^L«JI 

: 4_j_L<jjlJ 1 [y <i i n"j iL^jjL^t_a 4^>JlJtX L$J 4loL>. » ) I ' a rt ^ i"i '<" (jl Jl^ll 0JL& 
4.cl i ir->j 5_jjLijSL!I < " « I «~ I * < ^ It j .«4ijLuJl '"'N rXAM 4-o.^o-lJI <L>JLtII» 
(_£jL>JU CjLijj-SLjJ, 4_oLcu 4—LSI i ii II I j"M . V»« jj2 4^1 nia CLi^K *u jLiJI 

Jbo (jl »jU*. ,,.* Lj-uSLi-^Lill J.^Atl ^ Lulj La^-tiJLLit <j£-lj .4j^L«JI 
4j>JI i <i\\ » »l <^» « sLiul (jSLJil (j-oj isLjjjJiJI cjLjjLijSL!! (j-a Sjujlc LcIjjI 

CjLjjL$_l£_LI ^_Hj Li_uj^-a » 1 1 ' ea rt *lUuj . Ljj-uS_J1 0JL& a JL^-**t i uj 4_ij>^J^_l ; J| 
315 L-u . -.M .v. 'a Ruabon Flintshire jjLiiUli 5jlLLLo <j-o Q^'jj <^ Monsanto 

Jj ijnll a J, i n^jll CjLjj|j£LlU 3-C-ljj » '' I ' a U CjLLaJLu Cjj^I LaJU£.j .4j^L«JI 
trickling filter c_i_jj m"i ILi j*_uipJI 2 »Iaj! ^^j Jo-Jail I (_L^J! « jl •-■"< ^ 
^ I j *jj i aj 4jla (jSLol jl>. ^1 4151 i nil I j"M . '-^'a 5_l2Jj ,j-o cJiSL^j systems 
3ijLij/ ."»M .'-^'a jl itl 4^. I i i r^i /tllj L«^ -4-t^l i'oI 4j>JL«jj 4jI (jj^ Dee (_g^ j^j 
-1 j i i aaj (<u Ji^J 'l£>*" *l 5^LcoJI jljJLlj Jl-uI j i ntlj J[aJLtaJl plj-il ^j^- lSJ-^* 1 - 1 
, -»\l ,'^'a Liajl 3j>" 4X.I ii^-< J?J-ij Lo . Lo-^J^u jljll oJUt =L>JL«Jk » 1 1 < ^ 1 1 
_ I c (_^_IL>»jj >■ i i ii ->J1 jj-a d ■ a I se j ■ ■• rt j 4 4_j^_tia_»J 1 jl^JLLj 4_i_I^. «UjL_u 
5JLS1 mil CjLjLaill oJJtj • 'HI JJ 1 '"— " (j^ a jir" i n" (^ylll Sulfites CjLLujj-jSLII 

Lj_uSLJI (jLa cjLjjj£LlLI jj-o j-j^SLI 5jjLu/ cjLujjjSL!I tnuLs lilj . I ju>- SjLiJa 

O L'c._lo^_iSL! \£ I ^ i >■ i V 3_i_<_<jLLo ^ /; a ) i_iL>.jILl I jl lSj • ■■" C) Lluj jS 1 1 4JjHi>J,l 

^_a cj^ I" II pl^-jl l^_iojl-j^_tLll ^—I^-cjLI-ujj-jSjI <_ i i i im (jl j^^-^-ij .(LaL^-i 

JLjx (^1 CjLj_ujj_jSL!I ' a-iAseJ S^Lcl (j-a JLi Vj JLutLi Ljjia ^LaLnlII 3JL>. 

4j^jL>- plj-il *Lu j" u*i ij jl 4jjLtII (_gjL>J,l ><_iLi^ia I j 1 1 2j • ■■" (jl (J^a (JjL* 

a\ Jl^-"1 i n z (Jju_uJ i.'i i uij] J^J .(_}-£> L>. » ' < a rt (-5 l_Aj-al (—JjlXiJ CjL)Jj£LiII ^ya 
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U" I a3 1 1 

(jlj-^LxU I j j j ^ LvLcjl i. . j i m* j^jJI ,_£jj>.Vl SJjLoJI -"'N i^aJI (j-aj 
SLuljiauLil SjUjjJI SjiLU lilt i«Seaoil»«j^e-JI ■ LaiJ»-(j;jL>J I ^ jlij-jj VojI£ 
^—Lcj .j^sjjI (_£ JaAJgj Jj * ' ■■!! t—ojj-t-iaj «Lst_uj (^.Lalj i iill iyX£. y-gjre T u /yJJl 

2 a vl .^11 j| i5_a^LuaILi j^tjil i±j^Jj JljUi 5_JjjJ! u^LuLilI! <j-a («-c.j-!l 

'Lj_>_^_tJI Ljj_uSLJI sLLaLu/^j SjLc i U A '< 1 1 j , mNLlj j v 1 tVn I i liujLseJ 4-ujpJI 
<_jJ3 f-LaJI i>Lj_a iiJ-Lj (_£JJIj je—jl i .i II J t^aAll fjjs aL*£J>l tr> (_£JJI pJ-JI <j-a 
(^JS 4-j_ilj_La_2JI cL>.jJJI CjLJjSLU (jl tia->JI sjj-u (j-aj . Jjij-UJI CiLcJij" i na 
(j^ij^La ilijJLj (^JLlI 3_iJlj_k2JI SjUlj .«JaaJ VI J ui<tS V j»LkJI .UAMI 
(JILa CjLiiie-a (j«a i-j-^ ^^JUJ cV^ ~9 i nil t. Mf t /j-Lc ^^J-ll d II alala (jLt_uj2l 
.^^jJ^-UjjiLjll JLelll 3_lLx. JLlS Jlj La (_£JJI OujJI I JLa> 
SJsLLa ,j_a j-l^I J-^t^II (j-2 3 " a j i a ' 1 1 Jcuiit! 3_ui£ (jV TT^jV ^> ^^=£9 
JLSj .(^JoljjiJI ^1 L$j ( _ ;r aij (jl (_Lt3 Lg-La ^j^lV.tl ^a ^J'J JaJI CjLij^SLlLI 
SJ^Lj ' " i -i La -""i LaJ_t£. i 1967 aLc J-^Jj (_yfl fj-"J' '•J- a <j-° 3JjLfl> 4jjL^ OjJo- 
(^jjJjJI lj_lL>Jl (^JaLiu t;r Lc. Torrey Canyon o^jJL^ uJjjj ^<ih" 3 oi>i . Ua\ 
. Lcujj^j l^iL-^jl j^Joljji Cj^LU ■ La a 1 1 1 (j-a (jLila^l <_3 2 I O-fliLajlj i^^jJlII 
/qJj t^-Lal^ i ii ll ' ^^l^***'l i^jLLa 7^yu& O-aJLa-" t nl CjLaJa_UI (jl ' d-uj| (j-aj 
CjLiLalLI i. i If I (j2 i4L>-VI 5j LaJJl 'Lp-Li qjz i>j_5-ui (^ «La£L>JI (jjs I JLA (jSLj 
Cj^llJI I JLA (JILa i. hum !ijj ,CjL)Jj£LlL1 ^JJi£. jj>-J3 /^-S jc3 (j-aj " " J ^ 

jUJLI dJIanil i^jJjj '>*-^' j^ 2 6-° ^"^ J-^J liilj^ ^Li (jjiLiil L>-Lcji 

4_iJ>.^J^_uj)j£LLa ^ Ij t nj JqI i i"i t nl £jja JL) 2lj , ^LlLA (j^^l ^jLjl '--^H cLC 1 ( i ga J 

Ja a 'tl 3_LaLJ 4jjL^ (jSLtj - c3j! '^ 3^ cr^ P>^' '■-*-* lV 1 i 1 ,^" 3^taLSU 

CjLjjj-SLlLI jJJJJ i^Laj^il T'^LxJ «UjLLa (JjL_uj » j La I ■ ) ^—Cj-i-uj Q^jjIS (j>j^J 

.sOa-JI iJL) Qa£Lu ii I jj'*» 
<L>.^Lc (jJiLaj (jJJJI 4-j-«-j_iiaJI Slujil JLo.^11 »±j^i_ut.l jj* .UAMI ^ ,hIj 
(j_a (jj)jl n i ii 3j_Li (jja ^1 S a. (^LjJI J t^a-AJl (_y3 Cjj^j) Jiia .CjLjj|j£LlLLi 
j-j_al " j i .1 Ijj I a H 3j)La-i LjjJ_a tt j i^I Smarden in Kent iO_L^ 2 . Lai a a 
CjI«Ijj>.I Cj jiejl jjaj -cgj " L> - >^fj-a^ ^ Jij-1 . nj (_gjS j<uj/ (_yAj ifluoracetamide 
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(jluulllg CiUgjSUaJl 

liJLut (jl jjlj La-ii LlL>- j-^Ja («j 1 1 j~'^jjj SjaUl 5j>jJ' <j-° o^jg^l 3_L>.Lc 

J-Ljo cii_L^e_> <*■ A" CI ^" tl CjLkij-SLjJJ 5Jal_<j/j_i Sjj^JI /T^^c. tj' (Ja"-*!! 
Cjl JU_JJ /j dHaaja . L*jj-<_u 21 L*J3 L>-^Lc j-3aJ (J I (jS»a_U (j»a (jLC JLusPtj < nlj^aLill 
(j_a Ltj_»jj 4jj mi-»JI CjIjluIIj selective herbicides (_)l^l ui sell 5-iSI SoJVI 
^j ^j ' a se 1 <lt> "id CjLJL£-al lLJLlAj . CjLij^SLjJJ 4la ■"■ 1 1 «L»_uj ^j^pjl (j»a .Sl^aJj 
iS-LtjioiaJI 35_uJI (j-a 3->aJLj_I.I j_lC. 3-al i nil jljll SJIjV Cj Lj Jj£LJ, I a! JLa-'n nl 
.(jjtljJI C^SaJI ^jjjS J}Liuj-ul j_JLl LUIjLa CjLjLSLayi ojufc <j£-!j 
3_r>JL«_a ^JS 4_oL& 3 K ui a .U a Cj L jJ^-A I Lg-ajvLgJ V (^lll jljlt (jl 
(jlr (_gjijo MiLa j»j|j£L!L] ,-N LaJI CjLcLu^a (j-a S-^jLJI CjLjLoilLa . (_£jL>JU 
CjLcLu>- ^ , ^IjU.'^VI ojijj (jl (jSU-i (_g JJIchromate ion CjLajj^LII (JjjI 
C^jLS Uj . L&j_<j/Li 4j>JL«Jkl 4j1*c ) i "*jj (_gjL>J,l » '" a a ^^ CjLijj£LJil 
jLt^s 4_aLc 3-a-Laj iL3s j >Jt-a 4iSLuJI /"»M ,V-,Atl 3 jj JiJL 4j%HiU illLc I '.^.tl 
(j_a j^e-J (_, I r (_gjl_>JLI iJr l\ 2 aj . ^ M I I -j"M . Va /ajJaJj 3jLc (jLCa^l ^^ 
aI JLJ-1 1 J j j'a CjX.LlI.1 JlJ^-J (_gJJI Lai .i_iX.LjII oJUfc (_g^Lfljj 7r a i nj Sal flSJl 
Cjl_iLLa_LU jntl (jl . JjLiLI (^ ^ j|j£LlI I (Jirtlil 3_ajLaI.I jljll oJL4 Jfla 
: (j-dJLjj-Laj IjLA CjJL^j (jl (j£La_ij . (_£jL>JJ 4j>JL*_a Jj^-*-^ cl)^"' ^l-a^^'**' ' "0 
LjJSjj iCjLoLalall (_gjLa_iSLII l_i-OjlUI J^JLJ CjLijj£LlLI » j^->~" ■■" La-Lo- (^J ^1 

(^1 «lj-gJI iLflJ 3j-*-d '-* /1 '" '*' '^ tJ^J^' Cr^ ^j-" (j-° LhH^ 'j-^ &-"-> 
» ' I i a a JU>.2 I^JJ-a (jl j^ilj . Lgii j_*itl!l <Lu ax ^ La pj i(_gjL>J,l /"»M .'-^'a 
(jljl 3_3jj>_a » J Laj i uj 4JI_i CjI m i na-sJI (Jjljl (^r^ cr J J-^*"' £ ^^ >1 -''' LSJ'-? , -''' 
Cj_>j ■ La ui ' 1 1 (_L>.jJI u aXJe-j (j^>- 4IutLaJLa ( _ ;r 3 O LaLalX I jl » i ul Cj^LjjJj 
AjLJr" i n" (jl jl!JLo~ (_gj^_j_UaJI (jjs (jL^j ^« Lea a (^ (5^c.jJlj) Jjj-Il 3_oj£ 
La^Lj r^L«JI I JLA Jla (_>ujJj ,i_kjJLCl!l 3JaAlxll 3>c.j-U a^LUall ,_Lal^j«JI 
(^jL^JLI » * ■ a rt (J^L>. L^2jj-La jj nil (jl < - * I fllaJLl I S^-^-J * ^Laj i uj !il iLa-il^ 
JLJV J-J-a (_j-3j (jJ-i-I (_^-3 J-JJJLl (_^JJ IjL^JI CjJUtLJu Jl^J . jLgJ ^1 tij^ljj 

.Lijl^: 3_<ijL9 <>juk 3JSLALI cJlj LajMidland 
(j-jJL^ iSjjijJI Cjli j-J-C. ■"'! a-La-UI (. 1 j 1 11" Ij JLC ji^l 3K Mia iij JUsoj 
^^ (SjLjLLI SjLC.) (jj -» .^ tl Jj . ..A CjLiSLaj 3jJLC.^/l 3-g. I i 1 r^i (^ a JLa-"i 1 .1" 
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U" I a3 1 1 

I j 1 a. I j~ CjLjj|j£Lusi_2j-«j Vj t<LajL<ill jljJil (j-oCjLilklL! a i a jj^*.'J »(_Jjl_ltl 

j-u^ ^1 (J-»-aj -ilj-U OJL& (j-o 4 Lu-^3 lj^' (1)' I960 J_Lo Lsjijjla yt-Lusi\ jl «. . 
Ljjj-j>.l JL9 LIS llilj . SjLua J ijJLc ■- xx^aj (jl j^sejj ^^3"^ L_ ^5 J - 1J L^L*-*^ 

. j^jSLjj-o^l I g-ua i "j La£ « Lcv^J^-uj£Llo JLallll 3_LiLs» (_gl CjLijj£LlLI jj-«J 
Ol ajaJu I Jfcj^ i ii**i i ^j^** 1 "*- ) LjLjj-ilij SjL^Hll CjLi z^jl i^£$ LlA ^j^* u\ 7-jH^I JL9J 
L*ijLlo.Li (jVI (_j-iJj ' " ' I a la * 1 1 CjLcLLi^a (jl J <i"r I (_j-iSLIj i(JlxiL! 3JLL2JI julL 

. «5^ i m II » Ol ala ' 1 1 clcl < is> 
j-uS JL>. ^—11 4_uLa^jjl *jj ■ ea i ^jL^JLI -"«^ .%» At cQjJL>JI «L>JL»_ll (diJJ 

Ijjtjj (jl (_£jL>JU (^yx^jti^i i3^=J C"*^ jlj-j^ ' S'J'^-" . ^dj^J- C^ J>,J 4-SIaXa 
d j I <i < tl 4_jjLojjj2! jj-o 4_JL«JI =L>.jjJI OJLA ><_o LiSj^J- '"■ 1 j ' "' J^J • L#J 

dJJj ^1 i_aLUaj (jSLIj i^juVLi i^jL^J.1 .--,M .'^a JjIjQj 5j^L>JI 3^jj£L!I 
^^ 3.}Lc jj^jj (j aSLj Luljjt V (J^jJI v^* (j^j ^LlII o^-^' o^ .4^LLaJLi 

L«^ , 2 al U tl i (_gjL>J,l CjLlUx. lJ J2 5-aJLa-*i i .it.1 CjLjSLLIj CjUe-Uall JJ^J 
jLiJI 3 < j ui (^Jl (^iijLflJI o^t!^' J-rh 1 l5J^"^' g ''* ' ^ " l>° ^J^' C.IU*. ,„t 

SjUJI j>LJI Jsi 22LUJL, 3_J3_lL! ^USUIj ^Lj-MiJI juj^j fjlj-L'j Jj^' 

(^3 lj"i-»- n ^f *L«i«JLi <2jJ^. JLS CIjLiI nitl SjJU, 3_L»-LiJVI 2.j,Utl ^| 
, -»\l ,'^'a jjjs I JJ^ J J ' -** "- II (3^>-4-i (j-^' O^t!-^' J-i^ l£j^** ' *L*^LiII CjLtliU 

^^ L-i-j'j L<-^-Ot-jj j *\ 1 La .3_aL$JI cjLc.jij_Jm (jjj jjlc jjj jlsj .(_gjL>J,l 
.J^^l (_;,!£. 3JjJI><II =G jjj^5 (^ i ^j^al r.tt ^^ 'i-^Tj . ^.;^-^j., \l ,„tl J.^Atl 
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ijlujjUlg ObgjS.i.nJI 

(J-ujjj . ^jLLjJJ jj-o d **'*j i-La i ^L^-lS pk*^ I j_A La /tLljI d_t£La 2 ^LLa CjLl^jSJI 
Ljj-uSLJ 1 (3^-1 J i *^J Lljj_i£j 1 ^j-a 3j-ilu Lla OjjjSJ 1 /tH-u <-J3 j)^-*«« t-_) j^£Lua <JJ LlA 
LJ.H-J (J_jj^>o jj-SLxJj i O Ll_jj-j£j 1 jj-* < — - 1 1 ^^i-^J"^^ ' 7F-"-* *^ LILjj-.tSLU 4J>I>JU 

d ul (jjaj i (\ r.^j Xti ^j>> ^-^ ji c-tjj iSJl fyJj.~L^ "^Jj 1 1 ' t -"'J^? , J A ~ d J)$' "" 
3$-*J3 K.R.Bultin. (J^-Ljjj .j .*-£] aUs jlsj *^jjjlII 5_t£.l_L^aJ1 ^LlUjlJI 

(_^a_>JL] Uaj-lifc-a \j&juaA 4_u2u 1 j-<jj»_a ^-<jj»_) (^jL>J,1 (J^>-J (JiS J] ', Cj LLu-u^jxJ 1 
jJsj . aj_j_cuJLSLJ1 Jl_ujj-^ ^yJI Ljj-uSLjJI 4-Jj->»J (^JlII (a^iuJISLJI u^Lljj»j£) 
J_ujj-i£LJ1 j^a-iiitJ ijr a (^^jj^LII JLu_u^l ^Ljj ^LLlLI) ^jLjJLl jlx. AjJtIu_u1 

JLujj-j^ jJi^LLslj ^jL^JJ Cj^LUiS 4-J-£_u (^JJ * *— « 2 JU ,^\j>. J) j JU 2 1 JLujj»j£ 
(J'UJfJ UU1> *^J * AQ-LUIJ LSJ 1 CjLJ^JjS ^—11 (_^a_>J1 Jjj^Hj l_Lu ^j-^JIJ'-*- 1 ^' ' 

(^ jJlNorth London Sewage works (jjL>Jt! 4_>JL«_l tJJ-iJ J I <n% *1laa q\ 

4_uj-^j>. /Ti— Li * 4-JjJjlJ £A-*' W J3 3 J Lr^J^ (j-* (JJ-^^ 3 * UL^rr-* J^ 3 *- 3 ^' JLJ tl)^ 
^^jJu-bj . (jLLlII ?j-11j (2>^J («-I *1xjJU£. ^L&LIj iA ,£Hl (jr^ *— t d>^-^ (j-* (j-* 3 <— S^t 

L-4-ilj 1 1 JLjju ^j\jvjij JL) 2 1 J_ujj-jS (J-*!^- /-5 ^JLLjJLI ^J La-tTn-u 1 (J^>-l (j-« i La ^** 

9 $j- ui-U <^-L>-j— a cH^** T"^ 6 -*- 5 ^L^aJLJl jjj^-s" jq_i J^J .J,j\j>.j)j JU 2 1 JljILjj-jS 

d n K" (J^I 4-J-c-C AQ-Lga^X I /?-jLlIl (j-« (j^aijeujl {J& till jJj 1 LjJljISj aajJi^H 
f0_ox3 i_£i3jl Cj LLu_u_<j_>J 1 J^>"'JI • *** j J;g .""11 jju < Q-JO-uj CjL_u_)^La /*^J 

2 '^1 -^ ,^ tl <2jJUxI JL3j .d_L^ J)j^"i inU Ojj-jSLJI Jjc-o J^ti w ^j La rLul 
^_^Q-3 I 1 JL) Lj_uj>. *-_)LlSj1 1 J_A Jl JLcl ^jL)' JUJL^ £ya 4_lLjjui ^>J^J 4-Lea^ta sell \ I 
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-J ' '13 » "'"j 2jLselll CjLjVjJIj J-LgJ! Cjjj>.| JLSj .Ouj-jSLII (^3 jj>-I (^Lc 

7-L»_Li ^-ILjj-AjI j-^itHJI LplJa^i ( uftSLj i"m o-qjl^-**( < ul jlsj . «L$jLuta '" _ ^^ 

(_£jL>JU CjLlUx. J^Li- 5^JL«j ^1 (j-o l?J^' W^' ■*! " / 'j\oij'n ^j^-t-j 3j_uijjl 
Cx T Ljaj CjLjLiill (JJ-so (^yJI CjLjjjjSL!I j_*itll 4-Jji <Lu a-g i_£J>jjj . 4jJ_lL2jJI 

(_,jJI 3jJ-" 5-g.l i ik-i (j^. <Luj.Li!l CjLjLojI! ZSjl ual\ %juglal\ ^Jj^ (j^i Ljj^i 

ou^jSUI J j Laj&x (3^Jj ' 1 ' '^j cjLjLiill 0J14J 4_Jj 2I 4jJLnil ( _ ;r a cjLjj^jSUJ 

(j_a 4_*_a^>> ^J-Al "i 1 11 1 z it^jiSK-i-^yj^jJ 1 (j^Io^Ldl (JJ-^J La^-J j 1 1 X JL>. LlA 
C - ^ 3jJ-" CjLjLiL] Q^jSLjj-aal (jjlo^LJI J <t"i ill La£ 3j 'I . V.aVI 4_p.l_Lll 
pjj mi a ijJI '( <t>j . ^jlj j se I I ' M«s JUJjlj L&^aJLa-" 1 ul /^Jl 3j-uj_>JI «Lcljj 

»l iii->. r-lnjl i_a jl^j i.i mi^JIj <Jj>" ^jLjLiJ (_^s mushroom a^j iMI <lcljjJ 
i_L^jj .1. 1 in LUI ^ j" in U (^1 3j-d f 1 -' 3' , - JL ''' o' '* rt'^lj .i_Jj(II AjjjiJ.1 

tiJLui (jli (jl (oi^.1 V 0-c£ (jlj 1 I 2 t_i (2)-l aO-iill «^Lj j ' La a ^ 1 naj (_£jL>JU 
Liiajl (_L>-jJI (_gjHrej LaS j J <^1 1 I JL^J (jjtljJI CjJSaJI ^ ^jL^j (J^M i" 1 ul 
aj_lJLoj^>JIj Zirconium AJ^Jj^jjJI JiLa 3j.}LL!I j i^LulII <jjs JJLC (^^L. 
c_tlc. a I iJ y\c I ui i" (_^j*j • selenium ajj ijlj mtlj gallium ajjJLjJIj germabium 
JiijJajtlJI «ujvj->s I ^ ' -~y -»-**' 1 ■■! Cj Lc j^ m a jj L?o jaJj d J^ LctaJI Cjuuilll ^ya 

.plr I Lao^ 
dJLLj i-Aft-Se-j jl Cji i j 1 n a "*til J_La < " *j ^ la /j^lll CjuLilll j 1 u£ I ^j- oi 

,«radioactive» 3< uJll ^Ijll a jj-" i n" (_pJI CjljjIiJLIj CjLc.l_u.aJI ^y* 4^oLJI 

Cj Ll j|j£LuiiI J .CjLjLoJJI aJJt (J!la (jjs (^alidJI ( _ ;r 3 JjIs CjLijj£LlLI a I j 1 "jj 
jlj-LI j_pjjj (j5-(*J * ' 'jl 1 ■'"^ I I JLA ^^ 4jjj/l_La j^c 4_u^sL>. ^ SxaaJI ( _ ;r 3 

j^l lalll jj^j" 1 ,' <^>2j JL3 CjLjLilll lii! jSj (j^JlJIj t_JLeiaJlj Ljj_uSLJL3 . cLlAII 
La £jj (jl^ lil La ( JL«Il>.'z .}JL»js (jjjLjia jl (_ qui tiJLui JJLu Vj . d < utXI 

( iLt^u 2I 0JL& ^>*l (j^3 ^. ♦ 1 i ) j . A aI <^_Ljjla 3^La j£j-i (_a^u/ CjL)Jj£LuI jj-* 

.5_jjL«JI ^jL^J.1 £J\ ir-ia 3jL«JI ^ L>LS Vj (3jLu«j -"'Ijl al!l ojl& J'^'« 

j-jLkaJjl t _^a^iJr" ( ul JLctaJb CjLjLujIj Cjuj^£Lu.I a! JL^-"i ( ul ^j^->* J I 7-jHal JL9j 
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(jluulllg CiUgjSUaJI 

.tijLjLiill dJJj Jjja (jji SjLaLJI 

jj^A ^jL^JJ '"^ '^ a «L>JL*_a jj»a I Jj'^ jLLeajeJ /^Jl 4_*_u_ujJI CjL^tllUj 

^j i n-g-aj _M a i nS <La1 JL^-"< ill (jLS-al jj»a jqx.jJLjj a j t ga J 1 1 t _Jj>*^J 1 ^_A-*LL1 ^—11 
j-_t-al_ULj1 jj-* J J J ' jji (-r^- c L-i'3^>'^i <■ 1 1 uLLa j-jl£- tj^- 1 "-* LdiJL^ 4_i^HlI 

i^jLui^ Sjj^jj.! SjjLJI (j-jUi! t_^L»- (j-IJ liJLlaj . L&JI LJ^-iLl ^pJI SjjLJI 

jj-aj . CjLjLujI j-j-«J *X9 C^ ij^^Lt-ajJI 7-^Latj tiljjjlj (JjjL^sJJI jj_a 5j j iS 

(jl jiia (^Jl ijjij3 L$j| 4jjjI?"II i^jLjJ.1 oLlUx. ^ JLa}U 4jjjJ.I c-^Jlj^JI 

jj A , ,. Atlj a^j i iiLJ^Ajl (JjlJ-J s •^■'JJ-^' '~^~ C^ 4j^_UajtJl j-±£- CjLi^aSJj 
7-^La2l "*• J ' gajj i=L>JL«Jkl (J!>L>- (_gjL>J.I '"'N ' '" a (j-° Cjl^jjJIj Cj Ljjj-jSLJ I J 
!jJ-J9 J-S-fljJ .j^ejJ! ^1 I ^Lu i ■■ 4jL^i!l ( _ ;r 3 Jlitljj t|j alll «LU ( _ ;r 3 4-iiiie-o 

>l_iji (^r^s-^jUJJI jLc. ^1 L^L^x-ij I g-ilg Ljj_uSLJI j-jjL3 *l*_uj cjIjUjJI (j-a 

4_Llj^i_>J I (JJ-S^J dUj (_j-l^J .i_ujijjJI (j-o L&oJjj Laj , U ,*:. M I jja.jjl 4_lLiC 
0JLA S^Lcl j y »" j . j^till ^1 4jjljLJ! (j-o 4jl3|_<JI 4_l£.ljjJI j_i^jI_ulI! (j! jjl3 
Cj L t -a- T L rs J, 1 «L>.1^j (-H-Ii Ci^l S mi 11 (j_a «L*_u_) Lu 1 ^—II ^jj>.t 3j-a j-t-aLuul 
4_lL>-! jj! Sjaj^ajelli alj~ ,,.Vt \j_tb . lijJLxj joJj . Jj^laJI (_f J-U ^j^£- ajjuaxjl,] 
pjlj_a ( _ ;r JS_LjJ (jlsjal lJr i^- J^-<J (.j-^U! (^ (_gjL>J,l Cj^LUiS OJl£ LaJ_t£. 

^^.3 I ^ ^ i a (j^Lg-La '. 4_LjL«j/ CjLjLoJ (_gjL>J,l /~»\l .V-a cL>J1jla (JjLuj 

(<ii.jJ! (_j-l^ i(Jj!j-<^J! i -ij- Lq^v Ltjl j~f Li Lqjus JjsLtlJIj (_gjL>J,! » * ■ ^< « 

JjLUIj pj|j-Uj O^' CjLjLoj (34a IjJ^ d^3 .3jl i<^tl jljl! (j-a ^j^ILso Lx-a 

(jLa cjLjLilll ojla j-^' ^j^^ o^-°l <j-° c^j-" cr^j • *-r "-** ' '"' * ' J' < --"-'- Q 

^ ^ \ ^. '. \\-d j I — 1 1 ,~A Ul , ,,11 l j )Ji j_uS a JLa-"i i iijj .4J9jj>. (3^>-4-i 2? l-^lo Ij-J^ 

(jjuj cjLiLoj ^jl .^_ilj_>J1 ^— a j^qJe T JI cjLlL^c L_uL_ul 4_]LIuj '"*'_ o^~' j * rt 

(jjj^Jl _ **' c I Lua ^j-* ^LiLolJ 4_>oLi 4_ul_u LiLoj ^j-a j-±& J^^ L^^ l£3^-*° 

CjLjLiill (OJjSj ^1 Laij CjLjjJjJI ^°i CjLjLojJI » 'I La a (j-a j-jj^J ^ I » U 1 1 j 

Jju dl! jj i^jj^LlLI (Jirtlll CjLJLaX. I JLu "^p* ij-aJeTiU 4 tj-r t's*, j»l^l (_^-3 

(I j » j;j i_JjJI (j^a^La-"! ml (J-SUj il L-cLaJI Jla 3jl3Ll!I jj^LuiJI 5JIJI 
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U" I a3 1 1 

^—^ 4_t_t-sajv ^Li^p (jjSluj iCjuLilll (j_« aIjS 21 0JLA (jlua ■- la 1 ■■ (-1^. t _ p p3ji3-^Ji 

. d 1 11 (ttjjl (_ll ^£,JU j-o*j (j-*j 

j_o2l I jut (jSLIj ' l-y'j L« 'o-^' cjLjLiJ ^jjs cjLjjSHI ^j*-*. 1 Jjj-»- o^- 4 - 1 

jl a_4 (j-a >_i_lS m-C /j ' * " '" ' j Aa_j_Jl a JL?-" 1 11 1 (J^s_l£ . Lii_jl J 1 it" i n a /j uj J 

chlorinated 5-l-Ljjj K II <"'! jj .'j^jj ' j j H CjLJj-jj_SL!I fjj <j-a i'IjIi.i^LJI 
l_L3j^>. LLjT jJj (Polyvinyl chloride J j L>_<LiJ»x}| juj^K JiLa) hydrocarbon 
(j^ljlilj (jlji^l i_iljlj hydrochloric dLj^K JJJU4JI j^h-w «_UJ Jiljl! ojufc 
jL9j . j>lj_U aJJb Jjoo (jl (jSLx-i ^hS-^ ^Lj-^J .SjLua Sj^itjl -'-'j^ *^1 L*^ 
lLLIji (jl JJLuj . L$_Lo ^j ^> 1 seli 1 J j-4^tJ CjLlLi£. (—a^JLll ^Ljj-LdJl j-xl^t_a J^Ji 

(jJ-U CjuLoj (j_« ^j a '•**■"' I <l 1S> miI-aLs-lA z Lj jjJL^-^J^. iJJLlA £j\£ JUoJj 
4-SJa-Lq i-£jl * j '■» .jj-jJI ( _ ;r xi3lj2l -»-M . V. . ..I jjl jLlo ( _ ;r 3 Lg-al JLa-" 1 11L1 dlljj 
j a x i 5-LlLo (jJ-iJ j>jJo- (^Jx. West Middlesex 2u_ijJiJI q<& m Jjllo J_ja- 
SjLjLa 2j njLvajV! I j» *<^ el -1 j la c t£j-J (Jj-4-ij JaJjJJ I > 1 . ^ ^ Oul^ 4-4-sJLS 
) a a j_o_>JI Lol (J^ »"i ii^Ll TtJL^aJI JaJjJI 1 la « a '•''--' jJia -ajj-JI L#-"-° 
J)^->J! oJJU «LUJI ( _ ;r U3ljl (j-1^. ' ■ ola.ll joJoLiLJ (jrt^-J . sLIL] g|» 1 i"ia Ci> j ir-il 

cjLjLiill ?Lill (jLa lillj) *-«j -(j-^' *— '^^-9 ' j**^" (J^-*- o-° • ^*^N ' ^ i " ' ■■ » 

(_yfl Cj^JjJI pjlj! CjJL»j j)l :5jj1^i. j i j 1 nj >ULj 3 < j ui a 3j^»- fjjs 4j>JL«J,I j^lC. 
(j-3 4_j_iJL«Jil 1 "»l^j'.^.t I j pi 1 i,-ial ' alij tijIjijJI <■ 1 j 1 ' ~i~J i^-juLuil tj j 1 a c 

oUlj^-VI iLk^lj Ji.jGJI oUlUj ^jLSLAJL, iuUil ol UI,„ ll Jlj^J 
aL^JSLj^j cUi-aJs (jjjjLi^o A.S.Knolles jJ^J.jjj . I jLu-u^M j^jj! jujj .5jJ^jLoJI 
^-\l ,^~,„lj cj^bJI I jut JiLa «ljis~V SjljIj 42jjJa Borough of Twickenham 

J ' '^J *" t - kJLJ (J^' ^Lji-^J (j-° ??-^'-^' '■''' i"*iJ' aJL?-**( i ui J_o3 . dJJj) )<_a j^pDj 2l 
4jJL«JvI j-;^. CjLjLjJJLi L^lo ^\£ 3L4J (_p3l^>-l ^1 3j^j>JI *j 1 ■■" ( _ ;r 3 (jlji^T-I 
I j I « m J J L^J^ (_psl^>.2l ^La-i (jl c-l U*. , .A j , till aJlU I jjajjj (jl Jj£ 3x.j_«j»j 
^LoJl (J^S (_pDl^>.2l (jljJL>. ^Lu aIu (jl Alajj-H r-Lcjl L4-1JJ) *LuJU 4_>JLt-a 
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(jluulllg CiUgjSUaJl 

j-Lai. (j-o dJJj (jr^ S-HJti ^^ Sj^jILo d Lb^ jS II (_£j_uSLi!l (JljJii.'zl J!>Li. 

. «U d 5 1 *" U CjLlLuuI fQ-^B *_a cLcj-i_aj fOJJ J-a^l £)l 

-J ■ — A tl |j_a 4_j1 jlj ^^ Ljj_<I/l I aS-l gala uij! 2jJj *j i a -»" 1 1 C)l» <i"-r nit 
Siiir-itlj.^Lujyi JoLAitl cljLLaJ^^jjjtjJI Jb-jVl (^3 LuCsil^l LcSjjJ 

4-^.jl i_a>LL>.l (^-a 3_«_l2JI SjLtL JL»J,I I j_a> ^ <zjL]jj£LlI.I Jjl^j ^l 

'. (^lilJI (J^aAll ^^ al Lku-V La J-Aj ^-^^ JtS^ ''J J '^.' Sjjl sj\ tl I j'.U ,~. it 
jj^Lflj 3.}Lo 4j2 (Jirtltlj ' M'tl c2jljL>.l » jU*. , ,." CjLiji^SLus LitLut ^1 jJLuj 

3_j_5_i_>JI i Ll^-iSL! I j^c (Jjiitl VI -i j^« Vj . Ljjj-23 L^>.LlJl t_£j mi j II (j ni-rlt 

<LS1«1X I CjLij|j£LlLLi 4^e-Us I j j_j£. 3_3j-«-o 4-ajJir>JI ( _ ;r 3 LyjJj iCjLlU-kJI OJlgJ 

3_]j^5ci!l *ljj 4_u-uL-u2l tiiiLaj^l j^-Lj <-. 1 1 1 •<} (J^->JI \jjt I uuj l-4-ilj • L#j 
(jltl J>L=tJVIj J^Lltl C1L1W ^ LS S^jjII <j-o (jjjLJ.1 aJJt ^ 3_lUj«JI 

Ljj-uSLi jljjLi (j I »"_i L»j£-LLjjJ 3_3jjiil ' fllj ^1 . «_iLxjJI (J-uaAtl ( _ ;r 3 Ltl i uialj 

jlj_aj oLflJa-UI ,Jij>o ^pJI LpSLJIj djLljjjSLi! 3JpJ»JU LpSLJIj o^^' 

Ljj^?e-a ^ o"( I nil jjJ-oL-o^I ^ oUtl tit^t_JI Q^-J (cS *^L5E_] ?CjU3JJ-i i \Cl 1 il^l-jl 

Si.'iTjtl ' agJlSj «.a 'j (Jjj '•( -5 -* ^K i'iUj .4_o-^J^jjjj£LlLI (j^aiselJl CjLlL^C ^^ 
4 j 1 iiL^/l CjLjj|j£LlU (jl i_ kjS 3j_ji. 2I 4j^l!iJI (Jjj^aitl ^^ I '.u^-V jt2J 
LLjj-jJj-Ljj^SLLil (ji C-i 5e itl ^1 ' "J^'jyj I -ij'a-l 'U^Vj , l'i \l ,^.",al ^^3 

. Cj Li j_)£Luiit 2j vl ,^,",aVI jIjVI sljj 4_LolSLtl CjLlLulII (J^>- S^jLlLo L^jIjla ^1 
LjjvjJjojjj^LJil (^ i.'it j II (aJaJj ^jl\ S^j^tlLI SjJkitl (j^j i_a3jJkl I JJt I 1^1 h j 
Sjlla ^jjjL.u^/I Lt£.^_u3^-o ^^^ TTJ- 3 *- 5 LJ^^-^-3 * W J '-^ a d> J c^ ^Lt-aLitjj «uj^_4-ij 
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(jj^Lui j^JJ 3j_ji.Vl 3-LlLoJI Jj.^Atl ^ Cjl>\\ 
CjLjjj^LJiLi (j U"n i_jLj£ (_y3 I La -- II (j-oj . SjljVI 
»l .i mVI j_£i -O-:*- L)^ liiJi f-°J • L-°Ll ^LtLjo 

Ij2is- (jj JJI tililjlj 1 (j I Jul! ^ ->!j>!l jl 2 ojt^ntl 
(j^. <_jjL£ pLjJaJl ^1 ^g^j j 1. 1 ciLal uu^VI 7t->>Jl 

US-i.^it ill ^Li dJJj -(^3^' Lo-jJaaJj^j >j 1 1 4<j iU 
5J1 1 na j-u^ JL>- ^1 jj» Lfl-ll-S-jljJI Jj^liJI (^ O-Lu 
t_£JJi (QjL*jI tj-aj ^^ri-*- 1 ^M^- ^-L« is l^ajI jJlS . SjLuj 

4-La-j mJ CjIj^Lj 4_hjIj CjljL^oJ ajJLjj ( _ ;r xi3j2l 

dJL! j_£j i3j_j_>JI ,j-o 5_jJLc 5^>-jJ (_, 1 r (ji_]jJ_o 
5g I d S CjI j 4-Lal mi «L_L_Lj£La CjLoJL>. ^—11 ^j^^LIjtJ 

J_La ^jJjjxL^j (_3j_*_u 1^_lLS L4-IJJ a4_<j_& ^L) (J J \<i* ) 
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(jluulllg OLigjS.i.nJI 

»l ^Utl 4Jl£Lo tjS^j ' £ ^^i>°^'' Sjutill CjLjVjJ! ^1 £y\ 1 1 nil (j-o w Lta a jJi^. 
LuLagJl > * ij i iill ' a 9a 1 1 jj_« jj>. 1 jol^. ^1 (JlLa Lo^^j^_uji^S_lL1 Ojlc JiJLJ 

3_jJlj_jJLI ^j^al ;~ iiUju (.^-i-c-l • (»j-j-" L"i "£>j cr^ f»l*tl (_^J| ^, i in i_gJJ! 

i(jl_j_JuJI «L«_L«JI aLo! w I j t 1 (JxaxmXI 3^' l3j lr "'J iiijLseJ>U 4 i a Laj>J I 
i.St i TLi d"ij <i i n" ^a-i (jV I oLsoV Ij) w ^j .U'.tl i.'-.t itLi jjkill j J'^ a aLjHj»V!j 

w JJ ' *"*" C"^ CJ * -' ' M ^^ 1 IJ Ml J^iil (jl ^j J ^ • t I jj-*J * V ] J i d\ , ^\\ JjjJJ 

J^ (_, Ir J^i ii aI jl^JI jJilj Ij . L#Io (0-c.j-I! (jlf l_aJlj-3j gUtl 3jl ^V! (. i j i ii i 
tiili Cr^J *J3Vl (^Lc ■ aJSjJlb aUIaVI ^l j j uiJ *LLl!I J-HjJI (jSLIj iJLv 

(j ii j La 1 j j i ^ a J ir-<iitl J-t^>-! o' < — 'jj^ \-*^ • ^Ijl ol "LLaitlj o' *'j-^" <j-° 

(J^J j-IaJJl d j a*, a ^^^J- 5 "-* ■^'-scjI f)j 1 1 ii (_3 «Lcjlj-U (j-* ^j ..Ami ,_1^ J) mi! 
3JL>. (j~\ lj-ti.1 ' j uilj . dJJi j j f a I (jL^ I j ulr «u i mi) *u-ul 0->o till j 
C" 3 l£j-*"^' fJ>^-" 3JL>. ,j_c. ■ aJgacJ V JL3 LuLtajjj (^ Li^^J^ujj^LlI.I 

.cis\ ji<-iLjjJI jl «Ljj_LaJI jl <Qje-JI «LuijSLII jl 5j^jj>J! »Ll»-iSLII jl L^>.^J^ : LiII 

.3j_u^ 4^JL) Lij>. jj^u jj£LlL I f^°i i_k3jJkl w i uAJb i_a^ci (_^-i-iI (3^' ^*^1_J 
- ■ ^ 1j^Sj_a >L-3g-m Llj LLa_jj-_J £j\ . Lal_4-l ■ la-i i ■■ 1 4_fl_L^>J1 ^—5 j-a 2lj 
ijlul^ Ji^j .(«Jjii! («Jj(JL) 4-SLla I tijLaj2l (j-Aj '• 4_uj/Lj/2| CjLajal ^gj" i » a 

c^yi S m 11 J^>- /^-^ ■ ' ) ' c (i 2^\_j^>.jJ^_ujj^LlL I j ^-P-^-^U" 1 ^ '"*■ rt ' ^ i ■■' 

tj< j i ii )j-aJlj (J1_iSLjj_o2! sLJLkJI '"'I "I j i "I ><_o Sljl i ii U j»J^ C^^ £ ^ j -"L<j/^(I 
jaJJaJI ,j_a s-u-ih, Jj-SJI ! JUJi (^-3 (j^ o'^'f 1 -"^-" Ij^la dri'- JL ") (J^-^^'j 
I JLA (j-o CjLLlujj alj CjLLu^LjJI ^ 4-1^3 Lisjj (4_i i_ajIL«j (_Jjj>- al dilj i ni-rlt 
(^3 5_J.L«JI CjLsljVI j^JI Ljj-Iaj ^li . di! j^ (jVI ' a^jJLI Jjij («Jj -uj-^JI 

L^jj^j LuLtajjj ^1 LlL>- j jfc^ t (_3 L_i_i_4jJ 1 (jjs pjj L^JI (_^i^. Lo-^J^uj^SLlLI 
ji^ I j_i£j LJIjlL-ulj (jLiLJIj ju^oJ! (Jilo I j^M-j (jlj it_ij->J! j-Lo lS < S j ^~ j^ 
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(j-uipgJggjgjS.i.nJI so __|job)ju \ n_;S : ouploJI 6-6-9 9J I 

^yfl L^£jLijj (jlj <Laji2JJ ^1 4_iSLjj_a2l SjlxILU cjLjVoJI _jj i h" jl oL^^I 
3-u-uL.uVl iliUtjVl (^a j^jill j-*j-II jl -j' ^^ I J-Ajj^^j^l Jj.^3 in'^m 

_jl< ...II I j ;'« 3_jSLj^aVl SjjxjII CjLVjJL^ 3J_0 (^ic i^*JJ .SjLiiJ <L3^ 

2 aolaJI »l air _j-a j-j^I I jJLc 7rj-i=J (jl <»j1*jJI (j-° ^-f^-^ ^•J- i (j^ r *'&'*'• * 
. («JL«JI u^ (_Jjj>.I 3Jj.i 4jI 4-a J-2j La (jj-'^ f^JrS^-J (J'SH?"-9-'.3Th 1 JL>^T!-^'-9 ui<tl 
(J-Ljj LLaj^ji! SjJe-ia J-°^' <j-^ (j n_il'q dllj SjLxjII CjLVaJI J»"~ joJ jLa V 
SjLallLI CjLjVjJI ^yfl («J-«J! 5JL>. (_^i^. J- ^! (j n'Ct m i_3jjj/ La-ijj . *uij_L«J 2a 

3-uj/Lj/VI cj^siJI JL*-a ^ 3_L«i«JI L^jUILs till j ^1 ^taL^Jj . 5ial uuj 

(_yj.II 4_3jjiJ.I (jLi (0-C.jJI » _|U*. , ,.'. V dilj ___,lt*j ./«JL«JI (_gjj 1 n a ^Ir <L»-Lia 
LuLLajj-j jl j_& «U p" j > (jl c-t^sj __£ jjlj . Lt£. <3_)^t^tja CjL^j 2l 0JL& LAj»3a3 

.4_u_uLj/2l 4-La-L«j| i_3jL«Jkl _j-a S-iLaVI (_y3 »j^" LuLLajjj < ." ■ 1 1^ JL9J 

3 j<_i > »X£ ^^-eJliJ! J.-^tl ^ jU^Li LtLij^J _pJI (jiluMjtl 3JU. Laf 

JlJLJ Aa_a_*J1 (_i£.j . LuLLajj-j (_b L^l i ii"iSl (j w 11 3.}La r-Qju (_-aj>jj (j-^ 
j«J (jj*_ii :4jj-il mm a JaLajl L#] (j^-Jj 3jL>. JJSl pjj (j-a I il iV", i_<_]!^>. OulS" 
(_jj3 (_,_b>.j .4 j 1 iiLu/al CjLsL<itl^^U 4_<laj<JI Cil j» uuJl f-pJ (__r3 lLi3 ?c_Lij 
AIlloVI ' " ) [la 3> >1 U _j^** I tJjJg ' "" (jJi (Jt^ 1 (J- 36 -^ 4_u^iLx^ 2l Jl)L»j 2l (jL^tja 
j j j •_■ j 1 1 Sj_l>JI i.'i> jjI 3j-^ 'Ljjijjj JL9 pjjJajJil (jl JLjJU^. J^<JJ £ ^ J " 1 -^' 

S liUIs ajLalil tiiLVjJI (jk <__j1 juiIIj _>!o-Ll!Li 

d An^. rt LJL>Jj »1 aUTlj 4^oSL>J1 ^}^>-J^ {j\Ju-ulJLt-uj\ (J1J i ntl 1 JLA (JjLtli JLoI 
(_,J3 4ja- i>ilj 5_jL>.VL3 L*i!i «_aj . 5_i^LJu JJ^- 4jL>-VI cJlaJ iSjUJLC _jtxm 
*__yj ' " 4jj>.^ooj^_>S_l11 Jl)L*j 2l rC_ua <J (jl : L-L>.^aJ^a-u^_>N __ <a \ T 4j-aL>J1 4JL>J1 
'. « (j 1-1 j ">• j » j«_Lc L_lj>.jJj_ujj£LlLI (jl (_yJI jjj^I _jJJ^-5 '■ 'j '"tl 7"J-" (J^J 
(j-° J^ jJ - ^ -i _j^* ~**J (jj J'^'-J'l^HSJ^' J^' "-^rri PT*-^ 36 - 1 oH"J' Cjl JUtXIj 5) j a> * I fl 
1 fl-tllSj jl .((uta^tjj 4jjjJJI «Lj^_LaJlj -I . V-. A 1 1 »| n |f IjJjJI r-Lbej (_yjJI tiJ-ti 
(J_a_JLJ L-l>. jj^a-u Jj S _i a 1 1 1^ i"i se a _J^aj jl (j^-aj ^ilLa 3Jl>.1j 4_ujj->iJ 3j-jL1o 
JU>- (j^ ' fl-iJlSlJl i."i 1 inl'q till j (__r^J • v— j!jJj-u j ■"■■'" (J^1>-LlII (j^s jLuLa 4j£ 
.(_,_LSjiJI oL^jVI (j_a 3JL>. sL2_ii>JI (__ r 3 3^^' jl •<— jLtJ^L! 4J9^J«-a Ijjjli 
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Qjo.^ (^^^oj^jjj^LlII C.<j ^ - lU £■ s al \ la a-J a *"" (j ' "^ '- ' ' iiLlU JLo^aJI j-iUj^JUj 

^—Jl (jl 1 11 1 2 1 x_j>-Ij»j 3-lj . 4_o^aJ^a_LAj1 » ) J^ e -" ^j^> ■ ase ^ f*5rr _ "-^i^ C"^ 

(^-Sj 4-A-lJe-m 3_IL>. oJUfc (jl Ji^J-jJ SjijLajJ SjJaj L-i3jJkl ^1 j-k-ij sljj-ll 
(j-CL>. Lu I (j-° <lln''^ CjLc^a_$j?e«<3 Lo^p^a-Uj^S-ilL] ^j^ j * 1 j-jIL^JLI I J_& J-;tC 
.CjI_«_oL>JI al • ■■ aij 4-U: I u-aJl Cj Ij-jILJJ, I j sUjSil!l CjLkj^I Cjlj-jjie-o ( _ ;r 3 

^ 3 m njJI <_3jL«J.I ajl2j (^a al^mVI (^i^. <j£LoVl aJJt ^ ju>-l j jl2j Vj 

(j <1 I t II A ) * " 1 1 (j_a (»Lj2| aJ-it ^j^S . »j I U 1 1 Jj I U '< 1 1 jjic L^^o-Uj|j£LlU 
3jsjJL>JJ O^r ill JjLsLua (_3 LLb^jtla LajJjj JjJirs_] (jl S-l Laj 1 ■■' ^J /^>- i ^-J^j-j-uJ 1 



i4_a^SL>JI I ^^'^ i_Jjj-*IiJ Cjlj-tHrt_a (_A <3_o^aJj_i£Jlj1 CjL^t_)2l CjI i u < nj-a (jl 
3-Jj-C. ^I -1 I dj aLJ.1 Ool3 I j~ L a I JwO 'Li^-^ Cj^LSLjIiJI 1^1-r 1 1 1." 1 1 11 1 11 G JLSj 

Lg-iSLlj i4j>-j (j 1 n-wl ^z. JjuiJI I jut ol 1 .11 ijll j^*-u (jl o^fj • t -^-!i 3 :=E - , W 3 
lj_a (jl J j "> jJsj .3_lUj«JI i^j^ISLALI (^Lc 3-L&lj_ll i_3jL«J.I jj;^~; ^-ip 

43jj>ji i_)l 1 im^I ^1 r-Lbtj Lul '. (j-^Sj V I JL& (j^-lj '"^i) -1 ^° ^-4*^ ' '^*^.' 
jJl^j Lo Ij-iLJ (^-^ 4_ukljJI i_3jL«Jkl (JjLuj ' " ' I i IVi t I ojut O-lL^ lilj . SjUJUj. 
aJl2j (^1 dol (j-A I ilj • 4_Ua_jj_c <Lj-j-3. I, I c 3j_jJL>. 5ijjLA jLCjjI (_ji^. 

Lb-L> (jlpLa .ix>.^JjjSLl!l L^jLoLilitl jjju*. ^ di!i J»rn Lo LJLiLa S^jjII 

^j a " 3eJ dju it. a I 4iILl 4£jJua i_2 jL-a-jjlalj^VI Jjj 1 11 i _ jr JLc-i>l_>JLl lill^lj ^i 
,_L«^ j_& I jj j 1 L^Iaje b VI LaLiJ jt^>.jVL3 1( j,iiirill 4ji*c: fjsi 32LLJI Jilj 
p**' j > ^jLt-ojl I ^ La dj u ^jl ^—b J-a^t I fCJ i l_Aj-iItJ ^j-* J-^l I 'J '"' t _J-«Ufc-l La IjjLt^ 
^Lal J ' "* ~-J~ w * J ^J *^~ o' ^r!- Cr^ C" '^"^ JjJ ' " ( _ ;r 3-(oJL«JI (jl . SJaLLaJI (J-S-Ll 
(_yi (jr AJ^L^2l aj ii" II i^J-XJ Jl i^~l (_j-Lc- J-LaJ (j! jJ-y_J "j'-i-^"^ ^J-LiJ 
^j '• a u\ j ' ^ a (—11 (Jj-4-i (-^^^aJ^-tSJlJ I tit^e_dl ^J-^ '- ' ' ' "H I^Wi-lj * ^-C^-Us^-* 
(jjJUu*jj j«3 (2)J '" "II (j-o (JJJ-S^. J I I J-a^. Lo_i3 ^L«x. Q^Ujij jo^3 . L^>.LlJl u^ 

. LlJJ^J »l ill I ill ^*-> JLlJJLJ 

cljlj_t^>J.I (^3 iljLtjVl ^ Jjiill VI s^JL j^j ^Jl 4j>-L^ (^3 i.-.inlj 

( Jyi^ ( _ ;r Lc ^jjcj 4JL9 La-Uslj tcjjJ Li j-iIijj cit jtl (jl jllo (jLs liLa cLlcLL^JI 

(jj SLj 1 ■■ fl 7c_jj_II (ji (J-a^il ^j^- « J =Lii (jl^ (jlj .3x.j_<jiJ 3*LaSLi (<C<JJ ''^J 

jj-Sjj (jL^ LaS-(j^ inll Jqj^j LXL>. (j^-Ij .fQ^,jul cjzLgHjvI (j_« ^j^* > i_l)LLa 
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«U»j>.Ij-<* c;Ijj>.I (oILso-jjjj-o* 2l (jjjJLaijI (J^L>. (^\_u_u «-Lcaj (J£ LuLLajj-j (_3 
(j-**J .(--ILL I ^j ga ^ d 3c J 1 1 j^pajjtlj La (Jjl Cjj-*-_l1I 4_ulj-ua O-lLSj ' d 1 il < *-»"QI 
a JLy" i n" (j^Jlj Lijj_2j 4 i 'm'j-11 «LuLL*ujjJI CjLc I u-oJl (_p (jl (Jj-S-i (jl (Jj-«JI 

■ Cjl m~h nil t^°! 5 i'^ f iU* II LgjL%jl i.ilt* I ■-'■ ' -*'" i "I jJs oL)^^S_J.I 

l^JSjJI (^3 3 j mLmVl CjL*-_]}U j_ti.Vl i}U.I (^jt oLojjUJI aI mJ3?J 
Cjc.L>. jj jJb. Vj^* i* I iola m 1 * ^ (—iilij-M-uLLajj-Ajl (jji^LalL]-(_&j . (jjfcljjl 

I jut w 2 1" cjL«j*L>JI (jl » ILtaJ I Jjj/ (j^j -o*^ 1 1 " j ' "** "*--^m cjI-sLsjcVI 

V (jjijjjGJIj i.~i -r j II (jl ** ■* ** I j ' " ■ '"■ a "' JUS r I S 1 a. Sjij La i ul (j2 («-CJlII 
i^j-JJLlaja (j-uo-Li IjjjSLj (jl j J_Lj (jjjLLaJil (j-Ui^/jJLU (jl «Jsl_jJI_j ■ (j!M i a n ij 
iJJLlAj) .(jjjLL^-o (j^_ijijjLa (jjj^£L) La Ij-iLi (JjLaJLLj (jjjLLoJJ (j-Co^LJI (jlj 

(j.M tj- t >a_uutUI I JujJ <LlU3j_o i^jULJiiiJil ,jj^Vl j^LJI ^ L*£ Ijj^Li (^a 
L^iSLIj iliLp-t 5j(jIj Sujl^UJI cjUejVI (jj£s jlsj (dil j^ i_J£Vl ^1^. j_aVl 

(__Lc LuLc c.1 o Lul Lgj ^j **■ j * ; j , 'v- 1 A\ ^ ■* ' ^(3 ^ lJ ga ] 4_lL*x. 4^*Lc d d i ea i 
(JjSLj (jl j-o^l IJUjJ (_^ijjj zj .(jjijjjGJI ,jj* pljjill OJSj (^ 4jI^JI Jjj i ii 

p j I »" II (_^ ( _^sj_flJI S^LjjJ cjVjL>J,I Jjjj LojLuLa ..i_jLijj/I 3jl«J dJUJi 

(Jfl uol <Lj 1 (j-O (jjl-JjJLljLJ ^4-dJ (jl C-t^t-J-ALJ 2l 0JLA (-J3 (J^^tl (-JX.-(jJ L*J I 

ja^jLcjjJaj^j (JL^ajl (_^i^. I J I V\i (jr-*^ '-'"'"*' J I' 'J-^'J' '^La .(j^ijjJiiL! j<utj^>.| 
(j^s (jSJj .liili (jjs IjJSLujj (jl 4j^ t l-»JI itoL^JI jjjs^I (j-ci^-^^'jIU I^jjJUj) 
aL^xj Ij I < i"i ,j_a (_gJ-jl (j^-J j="J-J-II (j ultll aJLSjJI cLi^a liJj^u (jl 4JsLa_>JI 
3fiKU CjWI JIaj (jl 3.>Lc (j-utj 4jV iLUajt Lj^l ii-Vi^l j-oVl (JjljJj -l?>^-5 
./evJjLlil (_Jjj>. 2I -i J jjN , ,,lj ^jlj-UaUe-aJjji h (^ L^J L*ej^5 I j*^ ISLj l_Lu 4ilaLc 
i«U£ j-ILy* iU_i in j" sU£ pjjjajll ljujj tjj^jz. (jl i_LJj j| ^j-iJI J^^l c-J^-^j) 
iii^e_JLl (j^-ujlil (jl ljL^>- ft\f I J i4jlaL>JI (^ s^LajJI ??-C-j' ^ er*^ tiilij 

(j^ijjjCUl (_b j«^jLi£,I (j^s (jj Art-»"M Lo lj-j!o «Ul^L>J1 (_^ (j\laLtJI (j^ (. 1* U II 

(Jl i" i'iVI ( _ ;r 3 j<ut (JjJU>-Lj (<sj i4_ujjJLi LoLiljil J^l «^-°3 (jJS L^Jjlj"**J' ; l 

^ j *** (J-3^- 3 '-^l-* 1 (1>^3 * * *(l>^*-r 'f* 1 -^ 3 ' i.h 'i Li fydU^axJl (JxjlII «Lj^-£L»j L<u 

(S (J^iJjJGjI c.Li^.1 (j^s ' kAgeaJl IjLA (JILa fCj^J 7*LJJ z (jjjjl feu^3^-*0 

ijiili iijjaijJI JLsi-o u^ l^Ij^o^VI (jJI ^cjG j^LJI ojua ^ 4j>-L>JI (jl 
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CjLj-uljjJI lj^LL t_i_jjjdl L^-aljLJr" i nl ( _ ;r 3 jl 0j-3jJ (__g JxJ 1 7=-JJ-!l (_j-2 (j-ujjj 
^yfl ljji& cIjLljjjSLI! SJjIijJLl Ljj_uSLJI j jk~ • "^ iiaa.V ^JjLa Uj?J . LJjlII 

0J-A (_3 CjL^-J^I (JOjLj fQ-S ijJjJLj (_3j_*_o * jLLSLJI I JLA (j_« «UzLl^fc_« s1jj>.| 

2 <i~^U CjIj-lLJJ,! <j-u 4cjjjs V 2jj^j_o CliLx-i^l oJL& OJL^^J La£l CjLuLCII 
L^~'"JU i-LlLufcj .CjLjjj£LlLI I g-L3 j glaj (jJJI 4-aJgaJL I Ljj>-jJjjSii!l pljjLi 
l—L3»^J^-LJJ)j N J o U 1j-j_aS 1 J J * rt ^ ill M (jl 1 o itl JL>.I .j-a2l I JLA p J la u J 
x_a i. i i v (^1 I j i -v O-J^ J.S. II Ljj—lTlSLi *Lx_aLJj_i ( _ ;r 3 j J i axi 3_j >l '^""1 
(«_j-2J (jl ^j^s-Vl 5_2jjJaJlj 2_j 'I . V.aVI 3_uutVl oli ^jjs-VI C1jLijj£Ll1.I 
/J . %»aV1j O^LaJI sL^sjI /^Lc «Lcj^_« C^lSb ill A^-jJUa 3jL>.J 3j-*Ii£. (JUijI ^s_] 

(J^uill.1 i.Sf j II pj-iij <-i*7p- (i_ki- <1 -^W J S3 ' ii" o' c-^) ^Ll^L^JI (^ <jj^ o' 

Liiajl J g i"i_i pj^ i"i a ^^ LoLaj 2j \l , V.aVI Lo-^J J^^u jj£LlL I t_j-il_y>. ( _ ;r 3 

.Ojj-jSLII Ljj_uSLj 4jj/IjJ 
Cjj_»1/Ij i^llUI J .^»Atl 4jL$J ( _ ;r 3 2 j 'I . V.aVI L^^J^-uj£LlII Oo-jjIi J-il 

j^.jG 4j>.L>. tilLLa o i intj .5jcoL>- 2jI (^ (jjjjju V fj-Usjll I jut (jl ^l 

(J-jJLj (jl-jtJsljJI ^jJs J . V. aVIj . 4_l«-oL>. 'La.j.S (jr^- J J ' a "*" " *l-<^jjjG ^1 
2j^j_>JI «LlajSLIIj Ll>.jJj-uj|j£LlU ( _ ;r 3 3j_^>. 4_L4-oLM Cjl_Laiitj si oUII 4_lLc 
(—J! «Lj-3 i_JLt_a (JjjLlII s zJ_A (JILa c_ujJU (jl LoLa-i 7t_ua1^Jl (j-«J • ^Lui_jSj1j 
a^I^. ( _ ;r 3 *lj_ii. t_ijJ-J Li£ 3J Li^ J-02I jJLuj •(»3 T J-II ^H^i^ O"^ Jrh 1 ^ '- 1- *' 
(J_*5JlJI (j-u lj)jLlit_) (jt (j\_L»Hjl JU£. -n &u^ lP^J^* -3 f* -1 (j^ ' '- ' ' "1->^ILj 4_o^^HJ1 
L_Lit dil j iXujjLi ^ < all >■ 1 1 (j_a (-jLSJLt-at (_jj-A^t_)j) (j^-Slj-t-a jt (j^_i_ojJ_a 

4jJ^jJ.I CjUej^U j^lj^ Jg» a (jJJ Lai ^Ll^J ^!>LJI aJ-& (jl (Jj^s-I Sjjs JJ^I 
Ly-^l J' (- rt J ^ 'I sLjJ-loJI j-jUjt-o jl 4-jgIaJI CjLssj^L! (__a^Jl JUjjtil d 1 111 1) 
dl 1 ♦ mi" y i"i" (j^*-4-i C^>- d Ajlae rt CjL*_«L>. (_5 Ci> ill CjIjjvj (j_a dS 1 uu 
• (j ^Ull pj^jjl <L2jjJaj-4jiLc «_cIL>J,l (^ jjp Lo-2jjLijSLII Lo-^J^ujj^LlLI 

3ju>.j jij^>-j_i (j-c-j (_j I c Li La ^ juj^>- j^>-l ' ^'"" "' tiJJJ )«-o o-ii I jlj 

Lo^J^_uJ)j£LlJJ t tJ l^ : >- (j-* ' <-)L>. /^Lc. Lglal uiJj < aj 5 ) ila-Afl 3jl>.1j CjL^t-il 

j /»,j- aj ->■ A 1 1 0j_& ^LajJ JLjjlj (jjs (Jjtjll JLo^jJI J ^ » 1 1 (jlj 1 2 j 'I .^."aVI 
4_al d ' ^ se C «Lcl . «L_j^>.^J j_j_tJ I * )j-_>JLj ^j ^> J 3e ' L4JI-L0L4-I j-Ju-a J j* q 
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jatti\^*u a *4\ >° 






( _ ;r ^ t_gj mi j II u ii i -r I I 4-uqillLl CjLjj|j£LJJ 4 j o ifrL) 

^J 3 j q i»^| ojla cj^Lc (jlj (_^o- .(j-aIjJI oJ^aJ! 

(JH 'i i nil (j-\j-^-° J_La OjJo- (jj^JI ^- 'LijIJ^J-f <Ua-uiJ I 

3JU. ^ L«£ (_i£jSLI! I jut ^Jx- jLuiiVI jjjb, Jj^ 

I JUt ( _ ;r ^ (Jjl i*i i i .ij . sLj-Ljj j-SL-II u i "lj>-ll <jij^ 
i«Lp.2l j^iaj 4| i ill i ii ^^ CjLijj£LlLI ^ISLa J uaAJI 
cLx^v^j .£ L&jjJ) «Lj_a_&l j«_i^2j jjjL^tj i_i^aj_u LaS 
^jJLkjJLj sljJill j^J>l (jl c_tj*JiJ . ^_y»- jJaajJ I jjJaJUl 
j-SLi O-JSj ^^ 3 j nUtl 3JLi>JI J_a^- 4"ilr i (_gjJI 
V (J-jI i ii a (Jjl ill i ii l_LJI iJ-i-O* '• *-jlj-l! J .^All ^a 
-n j j i i_2a_<-u l_uLj t SjLt. 4_i^tTJu L^Ji_iJi^o ^jS-a-i 
j "-"~ hljj (oilal ^^ OjlSj CjIjl>.Li g| i .m'ij <uLcaJ 

.3ijjjiil j_j^L>. ^ I (jj^Sij Jj£ (ji>- iTtjjLlII (J^a La 

^j-a /_ (<->Ll1 Jal i i**i i iiLj ^jl i n 1 21 ^J » " mi l LaJU£,j 

i_ajJt (jLit I ; i <a_£ 3JL>. J^- 3_LaljJI 3_3jjJ,I 

j j c j ^ . ,. A".tl -- , , ^. « , d"tj AU j^a ,_Ja2(1 Cjl^ i i nil 

.i_3jl_«Jl (j^-qje-Lll t-iLi ^^ d'Cl i Mj jo- !jl\ ji£jjs 

1 Ml'l (J-3 - ^- 3 (j' * ^ " " ' 1-J- 1 ' ' A3. (_}IuJbjJj »^. I illlj 
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(_(SflSj! I JL^J (_j>^J^_j_>Jl TtjjLlJj 4_UajjjtJl i La a La ■*- J I (J^>* {J*-£>-^^jl>%j 1 £>ji 
jjji 51 i ti i 4-td-iS £>c d ' J d * rt «LLajl^H« 3j^_t-a CjQjIoi f-^>* (j-* ^A - * 1 "*" 3 *"~ J ' "^ 

L^jLjISLoJj alj-T-lt I '1 j'a jLal (j-° ! L - LU 3i (j^tiejJI (j-o pjJ J- ^! (1>^J *^*"' 

«L_j_uaj 2l 3l_j_>J1 ^ la a La (J^>- L&jLb j^A- 4 - 1 '^l>^ aJ ^J^- 4 -^ ^ J ' L^LH-i Lr^' 

) S li « j L*i ^ 5!i i ■■ a Lu^ ^-°J^ v<jjSLII I ^ uilc (jjJI SjjAII aj-^ju ^^Ic]^ 
*_jj^o_j ^j-a j_j5_*Jl £l o but £zj_& (JILa ;*■**( f"l i u ij .^j^SJl »1 qlr J ^aa^aJ^a_j_>J 1 
jJlJLjj .4JL!Lj SJsjij L&jL«-cI i_k-LaJ Q^Sjjlj (jjJI ^ J*JJ ^ * uiXI -ilj-U 

JL9j ' *JJ ' *"*" (2>^*-* J * (*^J 1 J-Aj . alc ^j^jj-a l_3 2i I d i ii g~». ^t_u Aa_jJl j-4JtJl 

J* l**( I nil (j-* T^J'^i (lA-^J i(j^_U-aJI (j-* (^U^LLl CjL_4_1 /_JLuL>J| J_<utj1 jjL^tlj 

^jL) I '< o I ( ii ljlj J iJLj ■■■II ^i ^j-j>.i 3j-a 4_^j_t-£S_u jt d"Af~ 1 ,>. rt (JL$IL>.1 

l_J^0J_u LtSJj IJl^J L A - L ft JV »1 oUtl pi I ill 2lJ-4_L>.L_u L^Jj^Sj J_Lc O-lLS j_^DJ 2l 

Ji^>-j jt—LLal tju_i^tj 4-j^t- inll SjUjLiL La^LuI <( A-t-uj Lu I )> CoLaa /*-^'- J (tJ^jJ 
CjJJUs-j . jUejJI 45jj* (I 2 JLj) Sj_>JI i>Liil OJU* Jllo CjJLiejIj . 4ljLJI i>\-jX\ 
jjVxaJuM Chemical fractionations) 3_ujj^j 4jjLij^ CjLlUx. aj~n\\ ajJt ^ 
oLlLI (jj^SJl! 4_i£li *JJ La j lP'J* ' *— ■ '-LH L°J-^ i 8 * '■->"*■ L»j ^<1 C 1 -^- 1 o^J ' J '^ 
. L_ljj»JLj d i t h ^jj j 1 a Liz t «G^Lj J_La t^ysjz] 7c La i ■■ /^i£. «L*5_jl Jjl «UjL_aj1 

■ ■ ■ ■■ -> a 3_ujSLII 4jjLijSL!I CjIjLH£.VI ^\c \±V*£l£.\ 3 j 1 'oj-aJ I ojut J^ilaJ 
/_HII j j jfc^aj I CjLu^SIJ ^jLi_iSJ1 c_4-p^H]1 ^j-o LxgaJl I ^> Luj i ■■' ^jS-4-i L-4-i}j 

^j^-jj-Sjl Lj i ■■^' (j- 1 ^ L>* cJrr - ^' A^^^-J (JLqIIjvI «_a Lu^_a2lj (j'^ > -j!J^ Lj ^' '9 
U5^j'_3 Uiri-^'j rj^JJ^v S^j^LLJI CjIjIjlIIj (j\^.jjlul\j (j^-jlj JJ^ ' Jj"^i^j$j 
• a Lljj-jj <^_<j_jiJ 4_)JLCj i ^ ■ ^ 1 j c iJJLlA OjIS L4-IJJ .(^jj-bjjlj ^j^Hi^SJlj 
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^^c \l , %. a-, < 1 1 ; a, (j-SLj («Jj . 4_j_ij^SL!I '"'I jIj La Jaalj 3j-^' U-° l-Awxi La 
d * Mi2l < t-Lcl jj-* fM^' O^J T ' ' C""" 1 ""* C^ cJJl3j (J"* 3 d ^ .U-i *l t\ 

. ao-uI d jlr ^a-A I o^ LaLa-s 1 An-^*- rt j IM1 ,",11 ^j-a j^pDj^l 
t_ljL*jJI (j-o 2_cj_ <l j*_a «:Ijj>.Li S.L.Miller jllja .J . <jjj jjjSjJI aLJS JLSj 

t>jj iH.C.Urey. i^jjj .dJ ._& iLl^Vl jjiie-a ^ 3-oL* JjVj i^jli L^*jLiJ 

d '< 3e i"i I fiLAj-j j^paj-C L_Lja_«2lj lT^^JIJ ^ « \9 O^i-^' Lh* 4^J Lla^lV a ^jt 

JaJLa 4_ir>JI CjLoISLII (_£$-<-" I J *^~ '_' V L^JI ^JJ-II C"^* Dj * V tl)^ '^-4-°' 

(j-A^>-j)j J-i 2 I Jl-ulluj ^ya t\jA2]\ l-o-lusI c\JL)L_ujl * ijL^tHJI <■"<!" * ) J'- >,J (-r^J 

CjIjIjlII ^1 !jj>. joiaj ,-,! lujAllj ,ju>.jj ju^/l jluj^jSj hydrogen cyanide 
j—lIISj ' d JJ <>»*I1 CjLtSjJLI ^ya SjjuLLa 4-djIt3fcjq p'j- 1 ' d ^ I i-lB LAjSj JjjL-aJl 
3< uiVI (jf Lj£.<_)^>L>. pj-Li 2_l>J! CjLoISLI! j_l«j Purines CjLLjj^-lJ! J!lo L^io 
2^j ,'^.tl 3_iU.1 <JijSj ^ I i aj I (_£jJ3 J^sLc-iiili (jx. N ,'^'a-2 j->. , ..*', ,tl Jj^ 

electrochemical 5_uLuij^jj^SLII <-«\l<~ I A~tl J. », oJjSj 5ja-Ltajt3l jljll <j-o 
r J>xJ jLa- j tl iZue ur^lj . p jJJ! I jut (jjs photo chemical 4_ljLl»-i^ ,-j.v.ttj 
4_Ljlj_a^UI Ljj—lTiSLlI 1 (j^j j_uSL!l ^llLa I g-L3 j_A^ijj (ji »_;l-->" ■ iU (_^JI '*^f^' 

cjLIjL^ 3_jT Vj Ljj_uSLJI ojut (Jilo tiJLijt ij^ r»-! <1>^J "(^3^' ^^j-*- 1 c^' 

dtj*-IJIj t LgJLij La^ olf Ljjj jljJ.! liit OtA^ljj dllj (jlr j .^jjs.1 5_o~ 
. JL) JL>. jj-* ^J^ ' ^**'**'' l£J- > ' I S>jfl 0*^tJJ I <Z j j -»- ■ ^ 1 1 LjIcLtalLq I 3 JL) JL>- Cj LtSj-a 
Q^SHj 4_jjLi_p p-fl^cajl Cj^LcLiiJLi j^-4-i 4_a_i2_>J1 ^—5 O-J IS j L»_J 1 ^jt JLi 2fj 
JlSjl (jl c-iJSJJ . L#J j La> V 2jj Lta£ CjLSj_a (JLajjj (J^Lajjj L^J^L>. (j-a 
«»1 i ii -*.)> 4-4-LS /. Laju 2i /^>* IJi> 1 ,^A^»- * rt ^jlS Lfl-ij ^1^11 i>J_A j-pjj ^jl 
^"'^"J rt oJu jjL»Iij (2>S-J (*J tj**'^J rt L)' ' ^"' * ' c^ J^ t_J1j . LuaL>. 1^1 ■ La i I 
^JjvIj-^j J-&' L&istJJ 7-^La 2iS ,d JJ '^^ J-^- -^'3-* ur^ L^-^- 1 t -^ J ^ ^^tH' 
Cj_iL£j .^j-s-x\ 2 jj ■>« » tl CjLjjLo-lSLIIj 4_tJLLa2l (_p3L4J>.2l (j-o I jj'*» Lxji 
dJj_jJI i_alj^>. (jr-A 2 jj <>»»tl ^IjJ^I d j 1 11 1 I jj'*» ^-ij^J C^' 3j_o~^JI 4_iSLa2l 
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(^jLibJI jJjaJI JUivl (jl^^lc JLi^Lltl Jj JL<i/ *_>lj_!l Jj^iill (_ya i^j£ JLl! 

(j_o (j-\_j^Lj SJj^j J_Lo JJal oJK JL9I0-VI 3Jl Ja JjlIj . SjLiil Jjm^-i a^jJI 

dulS /^Ii 4_uLui_p g j ' ga 1 1 J 4_uLui_pj)j-^Sj1 CjLlLjjuLi jlj^djl ^Lul £y* 'i < nil 
<j-jjJL»j Oparin (>jjLijIj Bernal JLJj-J <_A^LJ J-^J '*• * *^J L«^ Cjjlso 
^ Ir Cjj_£j_j w "ll-2jj''-^«ll S^UI jl ' iu£ ' jjj-^lj pine (_gj_uj Hadladne 
^J| Ojl ' " ' I ) j S « " I j j j S j " w I c CjljJa I l.'J~ w »J°-jI jl J J "" ' a 'I •*• la i ul 

Lcjj jl_j '(^^j-II ^-^j-*- 1 c"^' '^!- :>t " Sjlil cjL1jj_>J 4_#jLio cjL5jjj>. (jj^Si 

■ "' ■ " * Cj^ i ii N"j CjLuj^>J1 Ou^Sj jl t 4jjJL>. (jS_«l ^jLmSjI \ajalul (j_a 

• *-4-> <"'•' ii>=*' ^L^iH- *Uf J^-tH c^ 1 J-^ l£>>- U" £>*■ cP*- ij-^ 1 

C.<-<-qJL>- 1 (jl (jj-iijl l_4Jj_3 i JLjvIj |^j^>J 4-A.ua ^ji^lLjJl 0JL& (jjSL) V JL9J 



(—jljjl jji£Lljl ^1 .4_j_>JI CjLLiLSjI ^ys\^>- (j-« 4_u_uL_ui 4_j_t-aL>. CjLljj->JI 
(jl (Jjjs i." i i^^jj j<u oJjSij o j^£ SjljJlc 2 aiaj? jl lLLJu Vj . Self reproduction 

X— La (--II d "*~ J M ^"' ' ' (S-> jl JUu-«L<iIaj 2l JL>-1 (j^>-Jj • L$-La JL>.lj ) dj i ■■ 1 
(j-o Jjj-U r^l (jr^ ^dj i<-nll 3^UI ,j-a 7-LiU aI Jlitjjj/Ll (_£_>i-l «LaJajl J^Ja 

. 4j I i sLc^J 
4aaeiaxti ajj i aj L^gla-i u-i (^ylllj-aLpJI Jj^I (J^>- ^J^' CjLjjJaJjl i>J-A jl 

IjjIs jlj (JjLuoil ojut q^JjLuj (jjjJI »l nUII (jij aojJ! «L»jLi/ ^Ijl-SjLjjui/ 

(J^_SIj_ljI (j-° ^J'J— *"' 4_j_a_Ai ^j^->* ul jS^i J_o3 . (J_j_t-a LalJ I (J^>- (jj^i**'"»- ' 
jj^Ja (jJI (J^l (_g JJI (^jLajSLJI jljjjil jJj^mS 9-Uji/yi JjLLa (^3 4jL>J.I 

(Jj^Sj 4_uj_a1 iy\^- 03J-** 1 J ' a ! J * c ^- > ^' SjULI CjLijj->J 4-^jI iiiU CjLijj->JI 
jj^Ljj 2jj.v.»ll S^UI jj^ .-<ljUa ^^j ico-acervates SjL&l mXI diL<.g-reTJI 
p se ^. ^^ I c ^^-i)^ L-a^— ^ (jO_ul (_II -n i t^S *"j ^Lll (_5 4_t-aL>. L_3^j-La 0->»J 
(Ji.JU l^_Uajjij jl j^jj>* I (Lcga^J LLuj 4_j_>JI CjLj^S_lLLj 4_t_tlui (^^-S i(j\jt_a 
JL9 <U*JI <Lt^3j j I CjLcjISDI jj£j jl ^>« i~ uul (j-o (J^ijJj .4_i^JVI 3ji!l 
I JLA jlS jlj r* ' LgaAlt (_J3 jj>. I jl£La (j-a «t_Lal£ ^-i-** S^Lo (j-° L-Ajjjj Cj^L>. 
6"^ S-^rH 11 ^ ^ *> '^ Ij 3JI '■" U S-^-'j! (jJ! ^4^ 3*^ f^L" J^ fi^l L5l>" 
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lj_& (j_a L_L5J_A Jj-jJirso (J^>l (j-fl-jjjsl^j Cj^j_uJ . 3Lj_>JI 51 1 11 1 4_LO_p 4Ju_u^3 
4-ijjri. 4_uLo 4fLu ( _ ;r 3 La 4-2jj_Laj Cjj^Ji JLS £ ^^' CjLoI£L!I (jl W ^-J naAJl 

(jL£ j_>JI (jij ijJLojJ! Cil oj i ii-vj ^utlj jj^» i^<tK tUix^aJ I jljJil ■» La i "I 
[jS (jl_J-4-ul JljJI CjI_cjI£L!I (jlj i4_La ^lieJ jl (j<-?" ' '"2 I <j-° (Jr!^ Cr^ LSj-^^ 

SalajJ I C^laj. JLSj . 4^-LjII 2^j .>»»tl jljJJ (j_o L^jlji Cjjj^ L$j| cS^p- (j-o 
i.". I \~"\ liUi (jlr j i<L>-Lll,l jljll Q-aJLa-"ii.il (j^- 3 - ^JJJ^"' 3jUr lJ JS (^J^l 

lij-Tt-UaljJI (j-o S 4jjiJI t_jj-SI ^IjJk! ajjt d ~4; "•' cjLjjij£LlLI (j-a p-jj (_gl 

<LS^ j mi a ^j^ i\ ' -^^ Cjl!i 4_ul^_&^UI Ljj-uS_J1 (jl-(_jQtl ^J t a all (_JI Lut^-j 
jljJJ ^J^J sl^^JI t r J '-i^' C"^ 0< 'n * J ' ""' Cr&^ • 4jjI Jlill CjLuISLII OJUt *_o 
,-<\l <- I A", tl oJu» ,j-o j 3 i It 3_oj^UI 2 al U tl | f Jj , ^ ^ 1 1 j 2 jj ,'^.tl 
J j I q j^c. jJ^ (jlr cjj^jj CjI j a^jJI L43JJ1J (jj-tl 3_jj|jjt^U| Cj Lij^SLlL I j 
4_i I (-r^. (_£^IL>»j (jl JL>. i-j^Sy (_J| JLa-ixuiXI (j-*J iCjuji^S-uiS J j a *" 1 1 (j_a 
Sjljjlc Lcl^JI (jLi Jjitl » jleu ■ "j (jl 1 n'lVI (jSLtj .^j^/l 3_pJI cjUSISlit alxiSil 
cjju>.j jj Lpo (jl * j^"~ ■ •■" o-ils ajjJI L^bj-«-i (jj^-tl 4jSljjt^UI Ljj_uSLJI (j^s 

.3l_j_>JI 51 1 11 1 (J^s a jj ' ^ , "' ' LX d j j; u< 4-i^ (r^ 

L^jIjJL^ C^jL^ l-*JJ 4_ljI JLjJI CjI_K|j£LlI! aJJt (jl 3_aL^JI JjjIjjjJ! (j-oj 
CjLjjJ_>JI (j^ Ijj 1 m (JjJ^ JJi^. (j^J (JjSJ<jCj-iIS I j I « I J . I Jl>- S^JJlitA 4-uLlLxIUI 
JLj-AjljJI (j_a «L>-jJjl ^j ■■ a i (JL^. (J^-t-al (j_a L^-uiAj Ci»i i^> I J 1 * J J .SjL^jtXI 

4ijl« SjjL^j^cj^LcLaj (^1 4jvL>. (_ ;r a c^jI£j . L^J^>- LL «»l i n-»JI» ^jjs 4j>.LLo 

(J_j_4-i L<iS CjL_uj)j-Litl d 1 111" dJJ!i x-a (jSj foJ /j-Aj • l-A-il J^-l 4-d^l LgaJ ljL>. 
jjiilt (J^ilS j_y3. iLku (^1 r-Lljo CjL^/jj-Litl (j 2 '. \l Vk-VI ^j| jjjjLJI (_jiaJLj 
(jjl^ CjLxjjjI Programme ((^ojjjd-^IjJI J uaAJI ^ Lylj I i^j'« '. 4jlr 

JL^ IL aJ !il t 4_Lft_j_LLaJl CjL^tllLI (j-o 2lJU CjL_uJ)j-LiJl (j_a IjU^-a » * i iaj J ) 3> I 

(jl^ (jS>Jj • I jj^** I j"f"t «L»La ' »l 0JL4 (JiLo 4_ol JLitl LljLijj£Lui (_JjJ jjjljJj 
*Lu3jj<-a-iil!j (j£. \l , V>'a-i~, »K jlsj ^ I . U 1 1 jj^ j«-jIj (jjj^jt^ (JJS^I (^i^- l-^-^! 
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Cj2j_>iJ ^ j x imAj lII <j}3^ 4jlijizI '-. ' J ' ""j i(<u!jJ! w 7" i u-aJ lII (jj>^ P '*- ^ 
L_LJLJ^-S_u3 (JJ^J C^ ^ ^3^^ l£11j (_!>. CjLljjj>Ji l_£lG^s_« (—3 4_]jLi_p 
U^£- L^jj Jl^ i~. Aajlj iCjLjj|j£LlLI CjVjjxjJI liJJj JlLa cJjjS Lajjj .«Lul J-JI 

(^1^-J .jjLdll ijXz. 4jjJL3 (^ Joj_oj (j! (jj J i J-H^ * >L *~ Cr'l l5J^-*t^-" ' : ^ 1 T^> J 
3j jLJSj L^jLd_]L_o (j£. I gJJtJ tla I ^ fljj.se rt 3jUJL>. Cjljj)j\S_uj JJJJ*- (lA-* i-ilJj 
*u-uLj *L9jjlj Li I-^j i u-i (JllLo 4_lLjj(JI oJLOij .3jUJL>JI Sja (.al I ( _ ;r 3 jjLSJjJI (^^Lc 
J_aLc d < < r in ljr ^. (JjLSL! CjjjjII i_jj^lll lJ J2 j-i*-> c-*J mutation: *j aJaJI 
-Sj aJaJ I (jl . «LiVI (jjz. 4 a b se a CjLoj^s Lj] 4jj j (jj_jSo ^1 mJjjjj i^^LaJJ 

w I c S_jj_o j a u~ II a ,v.T I^Jj jj u*ll jjjLxjI (^yjt-^jLS J^ <_2jj<j Lo 
L^LL.Lu, (jk: i_JLijJI (^Jl-Jj^kJ! ^jI! ^^Lc-Jj^j 5J}L%JI dJJj ^jLa vijIjJsLkJ'l 

dj.; ih'i (_£JJI "ijJ>JI f-ljJ}Lt ^(jJa^ll Jj-ajJI lijJL*. JL3j . I^jl^e-a Jj>o (jl (jJIj 
3_lLu(JI 3iaL-ujj 2 *^j tail oJLg-i t-^jSUI I j-fl> (jlr (j^ i , nil i_aVT J^Li. jjU'tl 

I—LiLj dltj '. Jjlj Lijjj J-i^iill I JLfli ( _ ;r 3 *j aJaJ I (jjz Jjj-il J^J-J <— 2jj-uJ 

c-^ w *^j «lj T VI njVI cjLijij£LlLI ^'"j au",U i_ i j , ..j 4_lojS j^c j_uSLII i_ajju 

j\J3ljj>J1 f->ul (j-* d J~" ' '"^' (33^ ^ » mi ^1 ^jt (—11 j-ulu ^jl jj-AIj-II Li^-J-t-aj-a 
v2jLij|j£LLt.Li 5^jLio 4jI 4jjI J_JI LIj Li j^SLjJ. (jt£ lil dilj (^i^-J ^j alaJI ^ 

. I Jl>. LJLc (jl^ Lxjj , I -^j aU* Jjjla (jl ^,43 5_JL»JI 

ajiji (^ji M ,,,„ yjjVi *l^>ji y_a a_^>ji cjUSLCii j^ 0^ lib 

2loIjlJI ujUSKJI ^ LjJLi.jlj *L^>JI dilj ^ 5jlSj«II 4jji>,»II ^LIjJjJI 

Jjji jJ-S ^«-o SLpJI (j-o (jy-^JI (JJ^JI C^cSLo-Sj_aJa 4j| (jl 4jj^lLI 4j»jpiJL3 
(_, Ir Lg_] jj a jj 3ijLai 4jj_o jJ5 LLJ I (JjLSLII i.-Min^t JLa-4jj,^<ll jIj-LI (j-a 
3jJLJ3 jj ^ la j -^ se > tJ?J-^ (--jlJULjI JaJi ua cLILlA OJ^- 1 "J^ (-r^-J •^'JrP* 
CjLj>-LCl>.'zI oLjsoI (jjj J_)JL>. JLS ( _ ;T Jk.jJj T Ljl jjU'.tl (j| (_g| '. Sjjlj 4_LajJiej 

2u JuUJI 4jjIj t-jLoLCJI 4jLjiJI ^ i-jj^Is yj> .U.niVLa ,Ui,nVl 2luI JJLII 

(jjjj_^J3 j-sLtiJI ' _, j I aj II 4Jjj\o p j ^ ( _ ;r i>.-«lj_aJI j^jI lj3jjj/j) 4jjIJJI 

jlj_LI aj ">-**, , 11" (jl (j^-4-l Cjl_]JjiiLu3 (__A 4_ul Jjl «LjJjUjl CjljJ (jL]-7-J)J-iiajl 

(jj_jj-Sjl J-j uiiil (_jLjj O-Jj 4j> II (JlLa j_<j_ul (J^vl (j-« ^l-J^ 4jjjJajtJ1 j-JJ^. 
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. (^Ltlj (j^jj^jl JLu_u^l j-JUJ jii^ mil *^_ua jl jla- i nS 2lj 
I ui a 2^j ,'^.tl SjjJilII CjIj j Jjlj 4_ul jJI 4jJjuJI Cjlji jj qIo *j£La (jl 
0JL& (j^ I «Ml ' J ^"" '■_' Lt (jjLij^l (jLS (jlj .jjK~.lt "jj ,^ll ojut (j-a IjtjjU 

jLn^.1 ^1 (jjlj<i 1 LoLc <j-G^j j_Lo (j-\_^jJj-ujjSLlII 1. 1 If I £j\£ jlsj .5JI i .I U 

5Jal uuJ i. .jmtlj ^4-ul JU 4_pJI <2jL£LCJI j!£l ^^k: >tla 3_p1 jJI ij j-iiJI iljljj 
4jjjiaj i_dJL^o ("S-^J (jlSLoVI (j^J i<Lj JjuJI 2jj ,'^.r- q%\ CjLijjSLlII i. ilf I (jl 
. 3_jj_Ua_«JI 3_jJ_il!l CjIj!} ijLsol ^j^ ^J^ 5 * Sja3.aJLl CjLjj|j£LlI.I (jo 2 I j a « a 
L«t£ i3j_Li.2l £LLa_2_iJI i>JUt ( _ ;r 3 LaLxj ,_^>. (jyk (jj^^j-Jjo-ijijSLiil (jL^ JLSj 

(ji^. 4J!lol 4_ul jJI 4jjJilI! cjljj jLq^.1 jj i n»tl (j-o (j^-Jj • ^-*J L*r^ l^Lm--" 
^iJ^LLal j-aUiJI rL^xj Uj5 _^*> lWj u.juit SjSIju 2u>JI oLuLCll ji&l 

.Mjll jj-* L^-Ql i M^.t ^Lu jj-o (jS_a!ij (jr^ d l , ^ A't 1 CjLsjJ- 5 ^ I (j-* Lr 1 '-" i -i^-£- 
^yfl Cjj^Jo JL3 4_ul jJI 4jJLil!l Cjlji (jl ( _ ;r 3 i'l i"i ijJLjjt jjjijJj 5ja .'--.»tl j_lC 
(j-o Cjl_«ii_i jJa I a j i J iajj (jl (JjJLuil jiLtill ( _ ;T £.J2l (jSLIj jjU'tl j_j£|jj 
4_u!i CjLuLOI i_3jii^-> ^jJt Lo (_£jJ . 4jJ-i"JI 2^j Ltac O-iL^ 4_u! JU jii£ CjLuL^ 
3_jjJLjJI Cjlji (j_a (^jal i a la I l a 1 1 4 j uiJ JLSj (">f" -d^J-*- 1 L9"~^ *~j~* *" " 

(jjj (jjiLj <-dJj (_, If j i3_ljIj_& V i^jLLjLSLII oJ_a (jjSLj (jl jj V 9 3-ul JJI 
j^LlaJI jluj^jSLII j i .i*vg3 (jZiJI 5J5JII oj^jSDI Lj>uSLi 4jLilII I J^JoL*ji/jJ,l 

4^jjj-a f lj Lcaa* t JL^tls iJJLLAj .jiki i"iT1 *^_ua 5 J^,l u^aJ CjLLjj-aSJIj Ojj-AjI 

(j^_jj-SJl J_j_*_uSI j-ju (JjUjtjj- JLluj-jSJI Jl>.j ljl-Lul^-A z j_a-u (jl (j^-4-i 

cjIJjj^£L!I JljIoJ * y~~" "~ ^ih!-^ 1 *-£JLLa (jl Lo .jm i"ill «jjJa j«_o LdJJS 
(j^s 5J^L<ji Ll^j-c J^j •<-J^ - JU J ^^'' r ^ ' ""' " .' ^LJL>^I jj^*t*~ jl o^:!-^' c^i 

iiiLjUjlj>JI j^LtaJI JjJLjJIjjJI J i .i^j3 l_Lu oljlill Jljaj-I I j '<< aj Ljj_uSLJI 
5, ) ulSI » „ ^"' l " > ' J j c Ljj^ j - T L S ^iJ iCjIj-Hll )t-a OJj iSJ I ^\ i nSjj (^jj>*Ij 
4jjJll!l Cjlji (jlj jLlL>.VI (JL*-o (j iijI'^ iil!!i ^«-oj .CjljUjJI x_a (j\j>-j|jJLj^(l 
dJLLj (j a-(_^a « i II (JJ-SLj (jl ( _ ;r ^ 'j^^ (JLaJ»-VI (JjljJj . ljL>- LkjjiIj 4_ul jdl 

'tyljVl <Lu! jJI 4jJJilII cjIj jj cj! ^j j mi^cjU&Jj/jJLI (j^-LtLJj^J^,!!! L^_uSLJI 

SjjLijSLII i_3jjJaJI ^yfl djlj^ill (jjs j_u£ Jj^-jJ !>Lil^ VLCo-l dJLut (jLi liili 

(_^ j_l1jj_^SLIIj o-j^ iS, II (j^s 5>sj A?^J (_L4j^>J,I (jLs (jlj i jjjI SjijLijJI 

.iUI 
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I960 aLc aj >— al mi~<I ,j_o Jlj in tt ljufc (_, Ir i2jLL>-VI l£JL3*J (jjtjj 
cjLoISLI! l)u I La i "j LoJaa-o ' kSj L$JI jj-jj cjLj^SLlL! jj-o 4-ul jlc. 5^.jju>J, 

JJJ .'J a J^' "-' ' ^Lhf-^T 1 • j^"' ' ■■"' J>| • 4-ijJuJI 2jj L^Lg CjLoLSJI 3 4_iJ_suJI 5_ul j 

j i n^jj ^f-CjLbjjSUJ 3JjH>J,l Ljj_uSLJI <j-o <Lcj^j*_o ^^j-^lla Desulfovibrio 

: J-ujj-jSLI I J «LLI JLlIjjJ CjLuj-jSLII *_a (j-^*"jljjLj^n 

I 2 ju4+Kc_£ 2 jy + 4 + K ^1 <_£ 

CASO + 4H CaS + 4H O 

4 2 2 

3jo ■ V»»tl J)ljll JjiLdl (J^Lalll I jut jj-a 4joLiJI 2al Utl ^jLa-" , „" ^jfc i«j 
^ .1 II j i nL_i_g_>-!j (jc inj Thiobacillus ^ .. I i hI_ij_iJJ <j-o fjj ^-^J-^ l -^-I j-^j 
J_l!L4jj o_jj_^SLII 3 J i nM (j-u 4j>.jIjJ.I » jU* ,„j Intermedius . <jj^j_Laj_ul 
^jjjLJ^-a^-L^jij J_j_A jj-u-o* (j-° Ljj, l i S - J 1 (jl /^i^. (jU-lj) l£jLLAj . 4j^_tiajtJl Jjl^aJJ 
» IUI JlSj .(JjiUlJI oljlur j ,jij>.jjJlj^/I 3 J i «S\ ij^j rjljj Hydrogenomonas 
(_fjijj qI"j iH 3juji£jJ,I Ljj_uSLJI (jl (Jh-jj J^^' (jit* jl»-Ij ij*j ^Ir i_ul£L!l 

2-xjjJ acetate Cj^LJJI «jjj Photosynthetic sulfur bacteria Luji>> JilsJi ^pJI 
/jH-ll OJwSLII Ljj-uSj j-£Lju ^LAj-J JLLa LLilj La^J w i J • ea 1 1 (J-u-alijI 4 aL a J U 
Ciujj^N jail Cj L$_u_£u£ Aa_u I Cjuj)^£Lus ij\j <SL}[se-iZjjX\ J Lga3l jj_a Luo_u3 (Jli-4-s 
4-ul jJI 4jjJil!l ^Ijjjl^m qa jJLy diljjji^.j . 4-ul jJI 4jjJtlII i^jlj) 4-ul J_JI 
La LgJL m ' a-jj U'.ll ^yi 3j£L^a 4Lvj_a ^^3 I *jj gla jL>- q I J-autOtrophy 

4jj-jljJ.I (_gl Chemotrophic assimilation«4jjL«_i£L!l 4_ulJJI 4jJJuJI» ^ a , »\ 
d ^j Lga c CjLx^j—a (J- i -i-a-iJ 4«L_l3*Lj (j-* 4^LLa JU^j (^ga Lca£ J-^ ^J^-I-^J cAJ 
^fl 2jj ''*->» tl CjLj£j_LI oJUk (Jl <n"i i ill (<sj h_Jjj>.| «Lo~Lj (j-o «LlL>JI fjjs 4Ja-i i uJ 
(j_a 3j-jJu-a cbj^aiaj S^la^. t^^j-u tiAJii JUu j-«^tl r"Ll^t_] 2ij .4_u_>JI 3_}La *l_u 
J j i uSI (j-iIj (_J_iiLc-i (_gl itLiSj^aJI 4_ul jdl 4jjLil!l ^1 oJLA JjIL^lII 4L>.j_o 
.5_jjJLLll (j-o ^f La i * II (jjJUfc (j^_i (Ji.ljG CjLijj£LlLI dJLutj .(jjj^SJI 
<j-<-j I o (j j K jl (2)J£.jJLll jLs.1 lJJiJj LcIjjI JLkj (jl (^^J-II (jLvaJV' j*i "" ' "jj 
(jSLIj .thiobacilli q .. I i "Lij-fJ icj^sjco J!la Ljj_uSLJI ,jjj L^jli CjLcjju>J,I 
JjJU (Jji Cj1_u» L4J2 jj U*. 1 1 ^Js a a 1 nLa- flaiaj. jjl^ 4_ul jdl 4jjJLlII jjjI-^ 
d JJ '^* ^1 9-11 i^jIjj (—5 £jj JU A^^J (-JJ^t 1 (_£jl_ui_p g-a LgaJI ^jlj^U <^_i J^a3a_« 
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(PJI (3) «5_l5>>J!», ^JULLlt ILpli ^Ll5l£JI oJ,K Ijjj .^jSLtt t ju» ^ 

(j-a j— lIIS-j LiS 5 j)a ' a I jjJj^l <(»! i ii -kjI » CjL^aS_a aJL^-**( i n" JL9 LfeLLflj -^j 
J j j i ii /yi 4 j IS CjLJaSLlI OJL& (jr^- J-alLtj oJlj La (^-#3 i^LlIj^I LjjLSjLj/ 

La_a J-aSi *JJ ' a ' J' I ii "1 1 2[lj ^a_a_L]l (-^ pjL_UJ (jl » J^**' ' "" 2 (j-^J * L^-SuLi 

4_uli CjLcjISLII Lai .4jjLijS i^jus 42jjJaj 2jj ■ V»»tl a^LLI (jj^Sj Ljj tt n i nj 
3 I SI ma QTiifll ^1 ^yJjVl CjllaliJ.! C^IS JLla (4) ^S-lLl^JI 4jj-il]l 

LaLiSI (jl tijvj^Ij iSpontaneous organic synthesis (^-jli ;^j ■ a c (j J I ^•~.' 

CjLjjj£Llo (^yjtj i^^jjiitl!! 1 JJt fj^ fj i ii a Mill pU uiVI Q-aJLa-~ii nl (jlll liAJjC-uLS' 

p. I i) ' a >■ 1 1 CjLjLtJjl sl^>-l Jli-4-i 4_ul^_A 21 
4_jJ_i_lJl CjIjJJ MJLjLoJI 4_uj_&2l tiJJj (JlLa ^j'^j"'" ) (j-^** ^ '"^ I i ii Sa 

tijLolSLII tfjut <-.\.~^ ^1 ^ :(_,£jSLII Ijl^J ^jIjlJI .>L%aiaV! ^ 3-ul JJI 

Lu^_a 2lj (jUuJJ (j-a C_tS^Ij^J>J1 (jlS LaJU£. c Cu - i ll] (jaJjSjl J J i nSt (_1U (-H^ 
4JaL-uaj jlj a" i hLi ojSj (j-tJ- ' nS^I (jl (jjt 4jLvL>J,l "LiLvVlj ! <j^j>-jijjlj 2 IJ 
(J_C Loj-^a_>J 1 ^ * j ■ la t. Mm l-jL»J1 IjLA (jSJj i^Lll *_a (_£jl_a_p £&-ua (j£,U2J 
*_a ^ ge i -iS V I J.cLdJ LaS i(jajjSJI Jj i nSt /yiLl JLujjJ (jLLjJLI *_a cLcj-*_uj 
(_Lcj . 4_uLi 3j-a *LLI JLjJ^iJ (j-t^.jjJU2l f-* (*-J tlr^-^H^-^' ^^rr^-^ Lua_a2l 
(j-evjijUitl ^jl\ Luajs^Uj . (jajjSJI JLu^SI (jj^ (jjJJ pl'j'ill ful-i Jj-^ (*-> <-^JJ-i 
tj\z>*^£ul\ /j-Ilj 4_o*Lj jj-a CjLj^jjSJI j^s_t-a ^jj^Sj (—11 t_^-iij ij^pajAl ty±£- 

LjLlIj i4ajI J jL=ej 4_i£ LLLc i5j-J I— Lj t . )j lo1\ OJL^J 4-SLlUI ,_jjLi>JI ^j^-«j 
[_ya 4jjI jdl 7-^La^/l jLLla^Ij I jLLaljjJI ir.linr (jl Jju LaL<u iaia CiTw^i 

«L>-^iL! 4-fl-LJ-L^) J." " * ^J" 1 t ^- 1 - 1 ^ UjJI (j-° ( < S-^■J-^L , (J'-^^'j (JM^J'j jj-^- .^.tl 

4j>jI/I qjz j-£$$ j^ >-^Li& (jlS (jSLIj (j\j»- 1 nS al (j^j LJL>. jLajJI (jlSj . Lcjj 

jJLJS jLa_JI ( _ ;r 3 (jlSj d JT ""^' '^ 3_?^ £ l-«-»j'2l (jjs {£$£ OJ^-° ^-° ,J"1 '*'' 
La-S iCjuj^SLul J* a 1 Lujj>. JUaj (j-uXaJI (j\^.j)j JU 2l J_ujj_aS (j-o L. < i uLLq 
4jjIjLjJI CjLjjjSLlLI qjz 5^.L«j>. i."i i"iLg. Lai .(^IjljJI ^>J! (j-a 4 ■ a » ; ' alseJ 
(j£, IjLA JU_uSJj iU JLuj^ i\ J I (_JI CjQjj i\ Ii (J^IbtJ !il) Ojj-AJI 3jJ^ jj JU 
4_i_jj-_Ia_) 4_>oLlj1 4_j^_Ua_»J1 jljJJ (JILaluj t(CjLu^ iS II (_1! Ojj-AjI j^jjJa 
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4_ul jjl <LjJil!l ^-ilji Lfcjdjj <La Ltac jlj^s <Li ^1 itaLUs^L i<LjLi-0 «jj^3 
<j-\j>.jljjlj2l_j JUJLaJJ 3 J i n^j-U CjLj|j£LlU (jl JLii>-l (j-o ("5-^jJLiJ .sLjjIiLLII 
a^_jj1 L^j^Lu_a (j2 ijjljul L&_}^>.J aJjlj aj->u lJoxu Lut zl 3js^>.j_« C^JlS 

(J-«-!j .3j.iL ojIS jlj-L! ojla JjJj iCjIjUil! jt <ju>._ajJii!l <jJJ 3-oLc. r-LVso 
CjLjjj^LlII o_JL£ Lxjjj . sbl uu 1. 1 j mt Sj^LJ oJl£ Thiobacilli (jjJLu/Ljjj 
I_Lj_i (jLl<_U jjJI (j^jj£Ltl j j i iiSi ^L Jljuiej jjjkj i4jijLii (jLLuiit iLaiilLI 

JljMii.1 (_^i^. 3j.}L2JI CjLjj^LlU O-il^ ^-*ijj • ia-lj-o ^^J '^"* SjLa <LI J i hSjj 

dj>L>JI ^ tuaj>-j Ijt'tj i JUL SjiSLi dj>L>JI ^1 Q^jjiLtl juu^I ^L 
(_a ;_g j Lh_lSL1 I J_Lj_«-i!l cjLLuiJ 4jj-uI_LII Sijjjii! ^IjJLl J .'--'at jj.0 3jl>.Ij 

(_y^ Lbtj Li^-cijLLjjjSLi! 3Jpi«J.I LjpSLJ^ • JIJ-uJI I jl$j 3 Sjjj 3ti^> LjJ 

J-.AJ tCjLo^ i\ tl Jlj\Io*l JU£. 4-a-mXl Gjj iS 1 1 j-iLIaj J . -- ^"-^j u " uill J-t-anJI 
*_lLIL*_ujj . Ojj-AjI i. 1 1 "'Jlj-t j-J^S-jXi J-t-a 2l j_jjJlJ (^^ 4_uj_A 2l «L»JL d L^2 1 
3 j mjJLl 4-uJjJ.I £-}LoVl (^3 3< uiXI OjjjSLII J^LaJ 3-J-a^ jLHi.L jLuuVI 
J_«_iJ O-uajjLJ O-ili I jl La <_2jj>j (jl <13j|jjiil 4-^.jJjjjJI t_iLi>. ^1 J!>L>. 
.j—a^fl IjLA (j\_jSjj-a ^l (j\_o*^J^_ij>J I (j_a JUJX. [yjL^JOLU-u\ JL9J .CjLjij^LjJJ 

iu>.jj ouj-jSLII Lj_uSLi clLLji^j cjLjij£LlLI Jjis jl ^j^- ■^->^\^ Jj-t-i i-LtLutj 

I AJ-^-C X->.J~i (y^JI CjLLlJlJI ^j^** ) (_^J_UJ iCi Lg3 rt «Lu_u (j^_LW 4_Jl_4-lLlJ (_JI 

diti (j£, N .v."aj 1 positive fractionation I ji^o ^ ■-'« ^ ; ,„tl ^a (j^j^jii ^1 
I jl>. d 1 Mitl 3-jj^2 jJ-jj S-jj^a-o CjLLj^Sj Barghoorn (jj>^>-jL jjj^jJI ju>-j 
Ljj_l1SLj a^jJI d LaJl 'Lfl-uj i_JL*JaJI j>JLAj i4^jj_LI » Ij 1 a -- 1 1 i_JLtiaJL 
(^ ditj J^>-j '■ photosynthetic sulfur bacteria ^^.Ml JA«ltl CjI i ojj jSUI 
(^1 LjiejjL j^j-jj (_pJI Pre-Cambrian (_gj^«SL!l j-«-«JI Jj^ Ls j^j- 1^ ^j^«; 
J I 3 i"i ><_2j Gunflint chert 4_u I jj^> j^iej^s cr^j) l -^ ; >- 'LJ-^u (J- 1 3T!-^ , <j-° l ^ JL i ' 
3ji^>.jII JK mi^/I jl Lu» ■ flj-i^al (_, U t j) . (I j_& (^ superior jjjj-ujjji Sj-j^sj 

Ljj>*jt (jy^tl ^jlj^^l ^Lt^sJ,! «L>.j_*3_ll Lj-uSLJI d i iii" d ^ )l a ' eajl j j "^^^.tl ^^^ 

JjLSJI i^gljJI ^ j U ; 1 1 ^ ^jii tdliaj -^JLJI J.^Atl ^ L^jJI SjLiVI 
^yJjVl SJ5LJI oLil (jV .Sjlj^tiJ 4^*^ c^l^ SjjIjuJI tijL^SLII uJ£l jL 
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dllj p jj (ji (^rij-y (j-^lj-II L£ujl>. (^ LLiSLtj •SjLs- ojLS t_i£jSLII I jjt lJ \c 

(. 4-u!jLlJI SLpJI 5JL>. (J^>- 4-iSLcv3 SjUJLC CjLLuiiti (jjs , U^'a 3ju>.lj£ 3j£LiII 
4-j-Lc JljjIUj V ^-jjj) iLxjJLaJI JJ ~- "" ^ /y3 4jj^>JU jLWI iJUjLS ^'Jj 
i4_i LJS^jij_o JJ-u jjliaJjl J Laj (j^-Jj 'JJ (j-^ ^° *J^^ (*^J u& L0L4-! 

oLj-L^-c (jl jlSJ_j (jl jj-^-^-ij *u'— **^' '-^ (j-^ d * ' ^ rt 4JLjJL>. (JjLj ujjJ- 3 ^ 

£j\ i 1 nil (j_« (j-\_]^_LU (j-U ^^ C-)JJL>JI 4_*_lLJu O-J IS Ojj-AJJ j-JJijSLlLI j^^iaj 2l 
^—Jjt (jl jj-fij-ll (jjjLjJLa (J-fiQJ ^_S (jjj-)Lc jSj_) Lt£,J)j) 4_u_u (J^_lL« 4_lL4-sL<UJ 
(J^_lLo 4-ii <i 1 11 g-w ^- tJ i-Aj-<jX. f-^- 3 (y-^' jj~» < gajl /^ JJLu 4HjQJ1 j-j^L>. 2l 

cijLol£LII oulSj.^JS^JJ! Ijl& JMi- Lul^» Vi_SjSLI! !ju»^>- (jLSj (2LL<^ 
ij-UsLsJI Uj '^"~ ^^ ojjjSLI! Ljj_uSLiI 3ju» jtl <_a^L<-u2l ( _ ;r jt SjljL^JI 4_pJI 

. jJljj I jlSL& j! 

(j-l^*- i nS 2l (jSj foJ La-L ev C 1 I ~w 4_u_u (J^_lL« 4_il_4-iLjj (j-u ihjjo. (_£JJI La 
(jSj fQj (jl (j-l^*- ' nS 2l ^j^* 1 t-l!LLA (jLS LoJUX. 4_u_u (j^jJLa 4-il o i u o~wj IjJ^ILa 

. S ^J-l I Ji^>- j-« j-A Lc (Jlua Cj I j-jS^IIj 

jjtj 1(J-l3jij^1SLII (^ri^. (^^tjJ' L^j-*- 1 (j-^i SJjUI oj^jSLI! Ljj_uSLi (_gjHj>«j 

(jLt_uj VI * .J aj 1 ■■ 'J . CjuLuJl ^—b _ la i ga ! I ^J- l lq T l U 4_aj^L!1 g I 3 i ga ■*- 1 1 d * i-Lgajl 
w I C 3j_jJ_Ju 4Jal i ii i ^ ^ j . '--. 1 1 I j lj". ^| » T& 4jjL<ijSLII 4-lLs-«JI j^c j-jJ>J (jl 

•.^LUI ^tUI 
I j^ + [ I ju oJ ] + cS2 "7^'^ I ^J + ^S jl, 2 

2 - L 2 - J • J_LajjjKJI 2 2 - 



2H S + C02 ^^ 2S + [CH 0] + H O 

2 Chlorophyll L 2 ' 2 



j_jlI 4 j i .1 ; ILi I Ix-tt (^-La-jj) 4^ljO-utjjj£L!l Sj>U! [! 2 ju i_d] J-Ujj 
(j^j^SJI Ju i nSI (j-iL^ (j-« 'I-jj'j J^H*5i>^-" Jijjil i* * ' ~^~ ^iH-^- 1 ^' O' LVyjL<ijSLII 
. (c.Lllj Ojj-AjI ^—11 (j\3*jj JU 2l JLpjj_] j La ■"■" LLjj ^j h o Mill c^ila SjLcl i n<i 1 
4_j_LtC (^J)Jj 4-ujj i\ II j-;^. 4J^JUI Ljj-uSLJI ^j-a 4^.^-cu?e-a ^^J-I' *— ^J-*- 3 ^ 
(j^j>*j)jJLj 2l JLj-ljj-jS jj-o 2 JLi 4_j^_tiajLll SjjLlI a! JL^t-" i nLi /. ifl-Lcaj| ^J-u-cjlJI 
LaJLk:) 4_uljjt V LUajf (^itj . ((^JllII Jj^iiJI ^ L^jJI ajLi/VI Lij^>-jl JL9j) 
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(jl-^-jljJJ ^1 JjJJ LgJI jjjju (jl ,j£L«JJ . ((JJS^I (_^-l^. ^j iMI JjiLdll lS-^P 
I M**rS Ijlj .(j^jj£LI! J j 1 nSI (_^-ilj (JljUi-l ( _ ;r 3 4-aJLJ>-" 1 n~j 5ja LajJI SjLLI (j-o 



+ ['^^l ^g ,^ + ^2 



Sunligh 

2HA + CO [CHO] + 

2 2 Chlorophyll 2 2 



pL>-j "i < u z 1 «L<i£L»_) » .J aj 1 ■■ 'j O-Jj tS ) I Ljj-uSj 1 ijl < 11L1 1Jl>. d j 1 mi J-Aj 

ill J-=tJ (^SLI dJsjJI (jJ! VI <L»-L*ij ,jSj («J 5JI imU <jl dJj jj (jl j-Ia-Ll! ^ 

jji^-jijJlj^I jlujjj^ j_JLi L#l£ 4_lU-«JI «l jI (jjs cjLjjij£LlLI (jSLx-i i a IS >j Laj 

•' ti Va S LL! 4-aJLJ>-"i 1 11 a p 2 JU ^j .'.-.» 1 1 S( _gJ_>JI jl 

^ omAIj^ 2lci]+l 2 Ju 

2 - J^jLyKJI 

Sunlish 

HO + CO — — r-— [CHO] + 

2 2 Chlorophyll L 2 J 2 

. ij\sr 1 11S al 4j*Hla flXI j La •"■" (^^J 
I jl< I »Xj< 2'j_. Mf .-,aV jj"J" (jjj (_g >l-fljl uilJl pi ui J^-J** L^l Ij-Aj 
(j)M-cLfljj Lj-&J . L«-o (j^LcLflHj (j^-? - ' "S alj (j\a»JJ'Jy *l Jj'tviS (jLi liilj i 
Ojj 4SJ I (jL^tllj 1 <i it jl : Lj^Ia c_<_l>. (—11 1 i i-w (jLiSLaj z I $ IS. la t Jaija. 9 < la 1 1 
jj-o (j<-a- ' u^VI J-jJjj (.^-^ Sj^LaJI CjLijij£LlLI jj gla (jjSLj lilli (j-^J . »LUj 
i_aj '<" 1 11 "j ijj^-^-jlJ^^I '^dj-i^ dip Crd^ •'— "i>^"-" ''Jj- 5 Cr^ **-*J^ *^' 

(jla 4jLu«JI i-.Aaj lilj . I^K 3_lUj«JI <_aL2jl ^1 <^2j J i ndllLi jlujjjSLII 

I j ' I C I Cj^-a-J^ i^-«5_ijl jj^. ' a£fl!u-UJ I J *^ 4Jj (lull CjLlj^S-Jj (jl (-j-i-*-3 I JLA 

sLlILj^ jAJ I -i la I tl S '■ JaJaJS ij>^J^x-a Cilxu j_y3 w ajxi "'*» L^la cLp-^i'l Lai 
4jL>J.I L^jjJaJI vZj^I djjp- Jj^l J.^Atl ^ LtLHuaj c^'i Sylfureta^ilo 



250 



jjhill (^9 CiLgjS.toJI 

Cjlj!i j j gla ^—1! ^ Jj^j 4_jJLLa_L« 4_lLi£. i^j-J (J' 4_jjj-LaJ1 JL^j » xLali i ■■ i Lul 
«LLI (j-o ir^ i nS 2 1 CjjJj (jJ-IIj , ^j . V«tl JjiLdl! (J^L>- (j-° 4_ul jJI 3-jJ-ilJI 
Lujjj^fl^CjIjLiJI (Jj^ l*- 1 »3j4^ia*j| S-iLtl ^1 Q^j^SLII JLi i nS I (j-i!5 cJy>. Li-u 
(_£ j L«_lSLI ! fj-Cl A * 1 1 SjjJs (■ ii iii J sJa_±j J->JI (j-o (j^-p-JJ^-J ^1 J j*m>-iSj 

oj^sJLaj (ji ,j-o i_ii-l ^^ i i\ i<-iiitl ^^ jlj o~r . «il_i u^-JJ ^^ ' MJ-di^ 
^j-a L_dJQj 3^-Ji 7c-4-L^l lLLI]} ^ji^J . ^Lj^ls l-i-aj L>^J ^ ' 4-Hj ^P-* (-t^ 4-^$^ 
(jliUil ^j*-*; ' 31 liaj (jl ^jSLsjj i(j^jj£L!l Jji iiSI (jyjtjj (j^^JLH^'j tj^ ' "^^l 

UjLijj£Llo Lol .jbt-JI ^ t_jjJG 3Mt-iU LujjjVI i. .If I (jSLij ,i<n.'i<i Mv.tl 

dJJi ij_£ Jl>. (jJI 5ji>ij-a j_j£ 3_aLc Jl^jxVl jLa-~iin'^ 3_ul JLlII 5jjIjj*>UI 
4ijjJaj L^p- (j^? - ' ia*\ A I JLy" i nl (_ji^. Sj^Lil! CjLoISUI JLcL^iJ £L5_uJ1 (jL 

mJ^j>JI i a^VLiJI i_aljJal (J^. (jjjj^' ^?^' c^ Cj^T i n^^l /tlijj . I j«* ■ '"_■"' Lo 

/_oj! 4-Lse uiAJLJI JJ3^ ^ » mi 2l ^j-a 1j-j!o tl)jjj^' '^-^ f - *- 4 -^ *(*_fcr' J*^ ' *-*^ 
dUj (J^.J . 4jjLi_j£ -j LtaJI ^Ijjjill j^c 4_ul J_JI i_3j|jJiJI ( _ ;r 3 SJj'ii u-a O-il^ 
jj^-J mJ^L«JI j a La-J ll (Jj_«_a (_j*a-3l_Lij L*i i^ SI fl-Lli ll jJjjJI (JLii>-l JjSj 

iLtijljii"i .J Jjjj-u ( _ ;T li]l 4_pJI cjLuISLII <_ i i ..I— Lj jls lJiSjII I jjt (jSLI .cjLijj£LlLI 

Cjli slLuJlS 4jIjjJI "*• • ' -^~J -J^l 4jjJU>. (Jj-«-a (jl£ (jlj 'J i" ' "_' J alaltJl (j2 
CjLLiISjI ^jl jqJjlj Lul . j-uJu j-J-i-J 4Jj^l3 Cjl^Il£ pl^j 2I f, 5 ■" a iCujI '"*■ d ' a 
(j-C I ^ j i"i j^JLJ (jl ,* _ *"*" ' " ' (J^ i!M-t3 Cjj^Jo Jl^ tjua- 1 11S 2 1 ^j ilAJuj (jjJI 

«Lc^-i5j?E_a i^^tH' U^-T ' " '^* ' ^j oAjjj /jy^i-II CjLLiISJI ^Jj Cji_4-iJ-j VI (^-J tjj 
tl^-JJ ^ >J " J<S^ ^i5^-*r!^ 3 !"•*> i>j-^Jj .Cytochromes diLajj-£j"n 1 nil ^ n 1 .1" 
3x.jjij*j5 (^ 4JajljILo JUJLsJI (j-o CjIj j (_^i^. mJjjjo (_j-^ '• j»J-!l (^ j-«j»-^I 
S^lIuj^I (^IsLijv^/I ^J^. Sj^Lc iporphyrin (Jjj-i^j^jJI ^ n . .1" Sj^sLs- 3jjLij£ 
-(jj j'C j 1 h^LSUI (j_^ie_j JL^ La-j^-jjJj-iij^jJ I 3x.jjij*j5 i. 1 1 n^" j .4j^LjlII 
, ~<\l r- I A", tl ^^ IjJ^ dlLaj|j£j"n 1 ntl t_ij(Jjj . Ljj_ojJS ji j-«j>.I LJ^J «(_gj_>JI 

reversible 3j ..."Cr i-«\l<~ I Ait ^p^jj^j w j*» ..j..*~tl s l_3| t j^»- . n^i x_o 2^1 j'.tl 
JJJUJ_>JI (2r*-J JJJL>JI Sj>1 1 n^t* j ljijJa-7-jjj jl) Jljji-Vlj J 1 11^ Oil (j-o 
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iCjIj-jJLjJI oJ_& (j_o A-o-^J^-LjJI L^jLlLs-kJ 3j_u^ 4^LIa ( _ ;r l£.-CjLijj£LLLI ^jl\ 

,_p3jjijj Ferrodexins CjLLu^SLj^j ^ ^ a . .." jujl>JI i_gjIL>J" <LuLu CjLxjj-JI 
^LajJaj r«JL*_i Lij^ L#J (j-u-J (3^-!j '(J'j-^^'j Ju-uSQjl (j-o d j i ii*Cr Cj^LcLojJ 

jujjJ! ^UaJ pi jQjI (^Jl 2L».L^. ^ Zjj Lali ' I LuLij^^iLLo JjJj .42LtaJI jljuol 

aI J.j>-"i i nl (j i n ->o ( -5 -J^>- 3 31 La tl Ji_J^jJ 4-j-L»£ *_o sL>.Lo^lj (jjj_i3j^jj I J 
(^^-JJ LxjO (jl 5 ' *^ O^J iiilli CjIjlS L^JI * AaJ I J («Jj«-i (j^e-ij • (j^? - ' "Sal 

Lj-lISLJ! <j-c 3j_LjCL«-0£)-iSliI 5JpjJ.I L^_uSLJI j! 3JLJb»J| ^ dilju 

iiiix-1 3-aLc 4jLi^ij (j-Aj • CiLajij^jj" i nil ( _ ;T i^. (_gjHj>o- Ljjj_2j L$l£ 4-uljji^L!l 
4_ul^JI Lj Ct\ \\\ (j-o Ja i uj| 4_o*LiJI 0JL4 (j-o c^J i JaiS I JLsJj Lajj^j" j i u 
i-llLufcJ . JlsJjJI t_!Jj£LJ.I (_y3 3 iil*i^e-a pl^JI 4j^Lj jl (j 1 -^-^ 3-iLc lill^j (jjJI 
CjI]} O-J^ iS II Lj^^ lT l S -J f— -Aj-C) Lajj j ^£^**M t n-L^j JU j^jj>.1 4_ul^_A A Ljj-uSj 
^j tiAXLjl i 2 f. ifl ' ga 1 1 ^J_u-<iIiJLj ^ U**n L^jLa^jS^ILu_u (jl J, ) i \$-i* 'J LcaJI ^J_u_*ilijl 
dJJi w I c j (di Lajj-£j "i j i ii I Li dllji jj) I *~J CjLjLuJI ^^ w S j i a 1 1 JjiLajJIj) 
(J_lj_o w I C AJ-J-II L$-3j-«-! (jr-^' '** Jj . ^ 3-JjJiAJll Ljj— lTlSLiJ I (_gjJL>o 

L^^Lu/l ijiuLs jJj .4jSI^JI Ljj_uSLJI ^^ 3-aLc Lajl^o (jjJI oLajj^syij . nil 

j_Lc 3j_La_>JI duLS L4JJ-3 CjLxjJjVI aJJt (J!Lo (jr^ l -^JJ^ lSJ-^* 1 - 1 *^' "^' 
Jju tj^?" ' "^Vl J'j^' (jlr Sjjiill p jGjj (^ jjJaiJI (^ 2 Laj 1 uj CjLjjj^LjII 
CjIjJ-SJI jj ta!u Cj-ijj^ l!il 4 Laj 1 u-i L^JI ( _ ;r ULjj .CjLjjjjSLII (Jl^ji.1 (^i^- Sjjiill 
.4-uljdl 5_)jJC'JLi J) U" u^iJI SjLojlXI 4_Li;dJ=jJI 
(jj» VjU «iLo (^Jl tj<_a- in<Vl JljJLs.1 (^k: jjLe t-jj^iLus j g Igj UL^j 

I ii>>>fl I Jl '■ A j ^" 'j IjjJ-=j- ULc jLa-j in'q jlujjjSLII (jJJ dbjj-iSLII Jljlli-I 

(^ic (jJoLill dJJj J^sQjjjJj 4J 7-LlLj/j .0U0VI I jut u& Ju-a 1a jjU'.ll jj? 
Lj^ j ~i S lit d j 1 nLLa j-jLC Jlkil ij\sz-uj£x\ Jy>-J I jl«-^ <^r-^' O^J^ ' S""J^ 

jlS *lj^JI (jjiAJuj (_^lll cjLuLCII (jl ^ S-lSj>JI ^3 Jju-^J,! (j-«j .4_uljjt^Ltl 

( tjL>. (J5-II «L_ul JLul «Lulj_A^L11 Ljj jA ill ^ya SjUJLC Cj Lc j_*^j?e_a £jja CjI 1 ii 1 

(j\_i 3jij^>.j_o (_£j^i.2l i_a^Lx^2l o_iLs Lijjj iCjLljjjSLil 3JjJL=»JLl Ljj_uSLJI 

Ud LtJa-ll Cj bajj j ^S^**M inll /^k ^jHj>o /^Jl w iajjaJI (J_u_<iIlJI Cjl!i Ljj-uSLJI 
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v^jlj Ljj_l1SLJ! ££j 3 1 1^ dJI_L& (jl (j-iLill J.^Atl ^ LJj^i aJ9j -^j^ 

t (J I se-LaJI f. o i n" j^^-tsL^ faJ-i 4_ul JLdl t 1 1 1 se la 1 1 ^j^* 'J f- ia-Lga.II (J_lLcjI<j1 

. 3£j"i uiXI '"'I flj.aj| ,j-o ^JLC I j Lu Ll3 CjLcjLCII ojlgjj . <iJ3jjJ,l - I ) ' a * II 
Ljj-lISLJI (2yu SjJaJill jl«j L$jl JJ-jj Jj^LaJI JL>JI (jlr f l>JI tiJLuij 
» \j ' a an 1 1 ■ . II -» U II 1 < | 1 * jj^-JJ-5-Ljljjt V (^yjt i_ / ~'^"i_/''J ''"^ lJt!-^ 1 -^' olj 
3_ijLUaJ! - I j 1 ea -- 1 1 ' • 11 5e-LaJ I aJ-& o'^'.'J • 'LuIjj* (_^-Aj 4J3jjJJ 4jjLUaJI 
» ^ La^i 1 '■" jl c.lj_$Jl *_a ^a_$_ul » .J taj 1 ■■" L$j| ^1 Lt_a (jLi -^ 1 aj| L^jjJ 4^jjJU 
JjJL>JI (ji^- CjLijj£LLa JjLiLI <_3jiaJI w caS! (^ (jJLu&j .CjI JLujjjSLII Jj^xj 
dJJi (_, Ir j .4_jjL«J! -Ij .^A.tl 1 ,tl-»Utlj SJsjJJ,! -Ij .^A.tl 1 ,tl-»Utl ^, 
Ljj_uSLJI (J!iL>- (j-a !M-i^5l3 Ljj^iaj LljLjj dJLjjt (jl jjJLLc (Jj-i o' ,* J ' "' 
r I j 1 a -- 1 1 c_JLrtiaJI _a^e-i 4J3jjJi! *lj_UajJ! t_JLaJaJlj ^'■j LeaJl (J-lLojJI Cj! j 

i^jJI L^jjtJ ^1 pl^jVl c^L£ lil ^^Jl U^ 5l<3LlDI aZLdl ^l «j <j-oj 

(Jlj-IL>. 2il da^j jj-a c_t£a£jl I JLA ^oj>- J-JJLJ cj"^* '**'JJ C~*"^ CjLLiLSJI (J^a_s 

Lj^/LiJI S^JLkILo CjLcjLCJI CjVLs-a ^°i A ,*n\\ 0j_& 4jljLLo * J^**~ ' •" (j-!j 
«U-^L>Jl Cj^A-u-ajiill jj-a Ij-jiS (J_*3_Al (jl (jlS-Ll J3-' J La-Lgajq Lit «LajJL>Jl t^£$ 
3 11 Laj 1 ■■ ) LlL*j (j^-Ij • LujJl>. j^t_a /^-Aj CjLjjij^LuI jj'^" d jlr (j^-J J^ L4-1 
l_L>J,l 1_LJI Oi^p- I ■ eaj I Ltjjiaj (jjjJa (J^. CjLJl^pJI 5^LSV w flSj JL>- ^1 

....LLtJI 013LJJI j^Iaj (jj! 
(^ ^L^^L^s (_gJJI-Euglena I_LlL>-j_Lj ((JjJjjjjjJI) ^j^l (jl^^pJI (jl 
CjLjLlJJI (j-\_i I La 1 "j L«-3^a «_2j-4_Jl>J I J-^J cJ^- 5 D'^tP^'C;- 1 ^' J ,^.Atl 
«U£j-Chloroplast Ci 1 n!>LijjjKII (j ^ . ,n p . n-v (jlr (_gj2Laj jj*j .CjLjI^jj>JIj 
CjLujo (_j^_tiaJI (J_lLijJI 4_lLi^ l^- l>-^ ^*a q«i <)l (j-a «US_4-i (_£JUl-(J-i3j)j^]£jl 
( _ ;r 3 j>Ll£.jj I jlj-^l^pJlS j_aL>JI al itlajl (Jjix-i I *^aj| » -tlaj 1 ■■_' 4_cSLIj 1 LoLx-i 
Lo (JLljj-I 3jLC JUlj 4jj^3 JLaJj (<sj i4_i£ i.~i 1 »^LiJ|j^K-!l ->-2-flJ 4JLa A^M-laJI 
^ (j j ■ ■"■ j ^ ' a J j . d j IS CjljI^_j_>JIS 7" J ' ^"j * Lal_4-i C< ( ii^Ljjij^K II (j-a L^-i^ 
. LUa_j| (^liJI J l^AjI (^ oLi^^L^a (_g jdl Astasia LjjLL-uI ^ q . .n j^. I pj-u 

(_^JaJU CjJL>*J l-^j) I^Jul QJ^'I Jj'^" (-^ I JO- 2&J0JL0 L>*jl^_4-1 (_Jj Lo JJLUJ 

53_a>L>JI 5jjr>nll S^UI ,j^: i.'-.tj* (jf L^J La^Vl (j^j 4j| 4^*111 i_JL*JaJI 
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dilj CjLaUla ^ylz. (Parasitic)7 « 2 _. I _. A U « t -< x j-iaij 3_ul jdl 3_jj_ii!l t;r L. 

CjLoj/^LijijylSLII I j i a « J jJi^j . *Lul jJI 4jJLil!l (_^i^. 3j-«IL«-o C <\V> (_^-!l f-lj-iVI 
3 ri I" ^e_a Lcl^jl (jl JU V /<sj Protozoa !j|Jjjjj_l!I CjLJl^-p. ,j-o dilju 7r , i s> \ J 

Metazoa IjjLjjII ljr &j Lj^LJJI ,j-o 3j>jijiio cjLcjjjjc-o < - «j j U» *u ol iVi jja 

Jju 4_uI^-l>JI 4SLLj-U j^iaJ JL>-I_J ij_ujuJ!j i—kjSJlJI (j-o 4jljLjILo tLiuJ-m Jjlj 
iCjLij|j_SL<_U 4_L>.j_o jJLc ^ .^\*tl j_jj £jj ^j^.'\ Sj_a I ijlr (jl . 4Lujj/ dJJi 

4_u1 Jjl 4_)jJuJ1 MjLjiaj ^)l J-AdJ t 1 1 1 se la 1 1 £jja Ijij^jjijjjl JJ '*"*" 4jL_u^ (lA-Jj 

jAiLo '"'Ijj LaAJI (jl . uJjji* VI CjLijj£LlL! j^iaj jlj_«Iu-ul ^ 3_oLc d jo it»l L^J 
L4JI (^ j_u^ JLto-l liJLcjtJ 1 . iS<~ VI . , 1 1 -> U 1 1 J^a LJLc. 5-g.j n'i a J 5-lIa-p. 

CjLoK L$JI (_gl ■' pJLaeJaJI ojutjlilol ,j-o degeneraten 2^. ,,.A*. « jj.^.<,-.T .V. 

4_ljI jJI 3_jj_i^JI Cjljj) jj_a I_4>j_lCJ i_JLaJaJI CjLxjjJ. I ^j"'1 ' (j-^ < — !jj *\9 
. I ^ ... A * ^ ^j^jj^jl J_u_u^l jjG C-t- uT u ^—5 jl > o**( < ii 2i 1 ^ya ^J Lca.91 4-3j&Iaj 4jj-a 

SjjJilII cjlji (j-o i."i i njl cjljjjjJLI ( _ ;r a ^jjJI L^JjIjGj (jjJI Lj-uSLJI t_JLclj 

CjL>.L>. CjIj d Pat Cj Lc j_*3_>JL I ^j^** > i^£ ^jL-ajVI JL^_) ^jl J^S-4-ij i4_u1 Jul 
Ljj-uSLJI pjlj-o JaL-ujV I i" mi^LLo ( _ ;r 3 Lylj JLSj . JU-LnlJI 3julj_Lo 4-uljlc. 
«Ua_u_uj CjL)jLi_p fuuaj *_« j_*3_u Ljj j"iS til ^j^ju ^jl ' ^j^ j*_j1jJ1 ^J-t-anJl ^—5 
(_^a-«aj| 5^.ljj 7=^*-ij (<sJj 4_uljJiJI JaL^/jVI JLa£.l ^1 ^jji-VI r-Lljo L«_Lu 
( _ ;r ^ Sj S. j II '"'I "I j ...VI ( ^j_a (jL^j .4_j_>JI 4j>- i ii iVI (j-C (Jjj>_4J I j ' a 
.A i_3jjJ . I ^1" niVl j jg Mill ^ i.i'tj-aJI joJUJI L^aJi^ ^^1 LjvjJjjj-uSLjJI 
(jL^-,_p3jVI (_, I r I Ajlj ^* •■■! aL«j Jjlj-CjLij|j£LlI.I jj^" (jl ^'j-ij Lwoff 
4_i^5LJe_ij-CjLijj^Lj_LI i.*i> iii^I J-fl-3 .j^jjjl jJI .- I ^"vVI (jljLa£ _J ::e - , '^^-y 

(^jJI 2^j . v.«tl ^ljj.1 (jlr jii^La jii^l Ltji^>.j lJ £ jLciijLJ-2ji>ijJ,l cjLij^SLlLI 
i." i I ">■ L*i cjIjjlSJI S^juLLa cjl_jjj£LJilj cjLJl^pJIj cjLjLjjJI ^j^ ^I^U 

.obx^lt^Vd^^^/VlasL^JInJ^o L^iUikx jl LlUJI ^LolSLII 
. Sjj^iaj 2-j^_o I jj'a i~i i njt 3_ojl2IlLI M-LajJitlll CjIjJUoJI (jis-J iLul jdl 2j Jjilllj 
Sj^o^ jajSLJ I Cjljjiill i ^ I" -^ * jjljiia 'Lp'LJ ^jij^LJLl jjU'll cL>,jl dlljjj 
^ 3ji^>.jjs ^_y3.jjaj ' uAll ^- i ..A'.tl | jut JiL ,_Jjj^aiII 3JL>JI (JjlIj . . 4j^L>JI 
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jL>»j (jl (Cv>- 1 Sj-* * J ' ' " 'J 'cO-^* CjLLiLSJI (J^. '" „ „^ c ^r^ l>^H^J 
jl '(»J-J-II 3jij^>.jJ.I 2 U _. , „j tl c-|j_iVl (jJI LJjJaJ lit SjjjU" ILlUjJ r-jLaJ 

^-j^ i j a j_LLjjlj u o in" Ljj j"*C j II 4_j_«ii3 ^ S j a ' cjLcSIs ^j^-^' u^ ^f'j-' 
JaU","j <Ll2jJL>J! Ljj_uSLJI ^jlkjj 2jj.v.»tl S^LLI t;r L. j_«_<~ ^^1 Bdellovibrio 
CjLaj^LijSLJJ (_^-Aj 4 ^J a ' CjLcjIS Jl>-jjj . lill jj cLi^sj^ L#J i." it ii ii (jl I gjic 
«_o 2Ja}L«JI oJl£ (jlj) Ljj_uSLJI d j mi* L4JL1 « U"tl (jSLaj ^^l Mycoplasms 
I j IS 1 j (ci2 jj j"i i 11VI (ji^- i_£j~-x-i L$J2 I liajl 4jSLx-a CjLjjJaAll jl Ijjjjjj^JI 

3j_j_l^ cjLj/jj_j£ ijJLla (jl Lo .' '1 1 iiL^m Ljj_uSLjJI i_4-pjj ^1 j "" jj 

. ( _^a_]^l_J CjLajj»jl OJ^ (lA-^9 LaLaj 3j-"-*_a 4_»_LjjJ)j»j CjLt_o^j ty\£- m£3~^>*J 
' a a. 1 I j I a La " *L>.j.i ^^ 3ji-jlj_"_a 4jLjLj~-a eLLmim CjLJSjUsJU oJLfli JS i"i"j 
(j-\_ujj>. (jja (j^S~j L$jl JJLu (t"-JI "j j* ' aJI CjL_u^)_Lfljl (—11 (jl i n 1 VI (J-t-aJ 
Lg-La jJLcl CjL-ljLS (jJs (jiij^l i_Aa (^yl^- Sj-sLS 4 n~r i'r> di\lajj>. 4j^J j| 

jljll (^ 4^;^ (_gl (JjlS (j£. 3jj>.Lc. I (j i*\ 1 j i(jjl£Llj) IjjmrVl (jJitJ (^ '-Jt^H 

j I ■ j c I (—11 I " 1 1 ■■ rt 5j la a ! I i (J T »-aj (jL_ujVI (jl (j_a /qX.jJI (_i£.j . 4_j_>Jl j-;LC 
7cj>-j2| (jl 2 I 3_jL«U 4_uI JLi Sj j« lqJI CjLj/Jj-loJ^ 41a I 1 11 j II aJjJLJu CjLcjISLII 
CjLLjI^ (jjs elaborate degenerates 3_jI < 1 1 3_se ■■■ IXa 4jjJ L4JI 2"_."^tl ^^ 

.J^Vl (^Jx. Ljj_uSLJI JLl2jlj Jla (^3 t~^Jl£ 
(J_«_«J V (j-£3 :4-La^ t~jLiLtaIa (jjSij (jl 4_2_l2->JI ( _ ;r 3 CjLj/Jj-loJI jKjj 
.CjL^/jj-LflJI (j-a JJJ-ll TT^jJi (j-IJ ^JtSJiJ (_£ jJI (JSL«JI j j LaJ (_^>- I j i iiAJu I'iji'i 
«3_!jG_«_LI Ljj_l1SLjJI '"'I 1 a> »" ( _ ;r ^ Sjl^vjjj J^U'ill ( j_a (^yl^.1 4j>-jJ (jl (Jj 

t_i 1 in" Vj Ljj_uSLJI t;r L. JaU" cjLji^j-i^ (j-^J itemperate bacteriophages 

. ■>! ^ -vVI ,j_a «(j-<Ii (j-a (_gj j'i'C , I I Jj|_«JI (^LjiJ (J^ c?- 5 ' J-fliUaJI (^ L^J 
. _U_i Lti J LaAll I JLfli (^^ CjLu>jj_loJI DJLdi L-j-i.aj <_3j-uij 
» Laa ) (ji-«QjQjl ClLajU II (ji (j-a-jj (j_a fQJljjl _ T J ' ' " ' ^-"-^ Cr^-5 
(_IL>* «Lj_jIjLj 3L_j_>JI Cji rtj i n~w JLilol l^j 1 - «jj Laj Lajj (Jill 4_Lfl_jSJJ Ijj ■ ^-" 
^Lo^l (j_a (j^**'i jl qj 'I (j^Ii^^-a-aJ, I jjl-^" CjI jGjI /cj iA^-ul Cju^S-lc C<-*- i i^>l 
«Lt-aLit_)j iduj-AJl u^ j"iS 1 1 «Lj_jL3 4_u3_fl>l jij-*-s LlL»->iJ (JjIj-jjI (jl .«L*_u_)LjJl 

"lS^lSjJI (jV ,U"'a.<lfi<j ^Vl q^sLj j^,jSLIj .v2jbj^jSLLI3JpiJ,| Ljj_uSLJI 

l^j-^o u-& u-l^3\X\ u^ CjJU>. La ja^-il 1 (jjlf J-ajJU (jl u* i n (jj^' 3j-^>-J-I' 
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Ltjij_o ojj-jSLI! Ljj_uSLJ 4jj_a>LtaJI 3 > U 1 1 LJjjI^.1 I j>l (_^o-j .oj^jSLII jjliaj 

4-jl o 1 110^. ^t_] J_La (J^_>u c_tS^SJl 1 J_fl> ^j>- (jl L^-j">- to fyS-U 4^ ) ' ea 1 1 (—11 
CjLuL£J1 jj Laj ) "T\ i nil Ll^jj iCjujj^LJLI d La m >] (J^L>. (j_« ■"■ ua rt <3_u_u (J^_lL« 

jls 4 |^J| jjjtiJuj (jj-II cjUSISLII (jl .a^jJI L^jju (jj-Ilj *'>^J' ^j „a~~ ^yjJ! 

(«_il in II J LaAJI jJaJf)Walvis ^j"j a llj 7r j I ^ (^ ^llo (*>f" i±Jj->J" ^^1 
L^jjJa_u_u 5jm**k n z Ojj-jSJI Ljj-uS-j (J^S £jja cbj_L5E_a Cj zjL^t_a Lfl>jl i"ir 1 jjS_4-s 
(jiutJ-LI « ( _ ;r jiJlj .SjjLc CjljLa^jVI aJJb (jl 3j)U i nil ^^IjJ) (j-oj •<! j'r->m 
JLJS CiI-lu Cr^ '^P* *^^' cr^ J"fP Jjs * 0"^1 i*^? - " ^Jj*! i u-ll Ljj_uSLJI (jl jjk 

4_Lajl J^Li. ^LiLo cjLLjj-jSLI! 3J^aJ»J,l Ljj_uSLJI ?LSj (jl . L#J 4SLi^a oj^ 

(j.3 =Lj>.j J i ea fl I (_^-l^. J-4JJ L$JI ^ Sg^a« ^l-u-uj (jjJ>- J "mil JL3 4_p-^J^>- 
£, ,\ m }l_3-2-=^>.LJI Sj^iaHI JaUiVl L.I ,j»jJI oL5l£ <_i£V dJjll 4lu 
. I ^ * i ■■■ *" J^>. LxgaJl d m ill J Jjlj L-4-ilj ' ' ' ■■--a I j" u 1 ^,.3 L^_u-uLu C'LLuo 
.CjLi^j£LlLI (J^. (j' ' *- a j Lo (jL-ujVI (_^i^. 3 I Laj I JUt (jl i^jLill JJ ' -*>"_' J^ 

, L^tj>.LJ Lc^j (jl i ii i V 1 j-jjjlj (J43 
(jlr L^jjjlsj cjLki^SLlU 1 a^vLli^ I (jx. i_iLjSL!I I jjt lJ J2 'j-j^ LSjuso J-i! 

^ j a j 1 ^ jj^. I'ji'i ji JuJ (jlj^i I (jlj J ttlaull ^J I ''^_ H^-" 1 ' Jiilj . i—i-iSilll 

.cjla^ioi-VI <. 1 * jj jbi 

DNjJr S^U 42SLflJI a_L4jtVl tiJjJu V (j^s lUmjU ^JjlII *IjJ3 ,j^ J^ 

(< LU_i_uSLu ^jjj <y 1 uSt (_^J) ^j a t*- 1 B w t£ j' ■ ea!o» I (__A «(j J) 7-» J . «Glj^J1 (_5 A 

3_i_>JI CjLLjLSLII j-jjij>. ^ J^->J ^j'-*^ 3j>Lo jj»j deoxyribonucleic acid 

^j^ Sj)LLI oJUk JUj-JJ Vj) jjjlSLII CjLii^ =Lii^. (J5^ i_3jjj/ LL ''J a uiS (Jjjjijj 
(9) 

JJLjJJ . (RNA jjj 7- Cjl_<j/JJ_jJ3 jjH in" <^r-^' ^iH^" CjLj/JJ_LaJI (_)-a*j 

(Jila Subviral particles CjI '"jj j aJI Cx>j dil ^jm->JI (^ Sj>^>.j^ j_lc. L^Ji 
0JL4 3JLs. (jSLtj .^lill Jj^iAII (^ oj^i jj. 11 " u?'- ;L " Scrapie ^(m J-oLc 
c_i_lS^_UI ^t-t^ta I JLaJj . 3 JtSJ-o j j c '-^-'-llj 1—° ^^P**' Lfc jLu^Lj (J-al^jul 

.j j i's II (Jjj^aJjJLi a^jJI L9j|j_«-o ^^IjjJI 4jjj^3j ((j J> -r) J (_jj^ jdl ( _ ;r jjj^>JI 
Cj Lu j |fl j 1 1 1 » /_ 1 11 1 /via L>. 4^t-J /jJ^ 4uj-a Cj Lujj>* (j-o ^j ga >i j I I JLA (j aSwU a 
j jr ^yS p I^Jl Sjljj? I j'<« Ji^-jjj iPurines and Pyrimidines ((CjLujllxjj^uJIj 
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(deoxyribose ja jjj (_, m^l (_gj ^ a u±S) j*\ m (j-a CjLfLjj^x-j l_«_a ■ ta j "j * 

(JU_lJtJ paJ (_JI p^aJ (j»a L^ajjjjjj L^a_pjjj ' a U se 'J '"«' d I ■■j^tl (j_o Cj Lc J_aj?e_a J 
i_i_Llitjj .CIjLcjISLII (j-a fl_ajVl ^JLC jJ-Sj 4iiliJ.I D N A flj-Jl <j-a -^_JJ 
J 7- CliLo^-a . I Laj i ■■_' Lflilli-I ^j*-* l!I ' aXtJej L*^ I « i uLu< Lfi!>U'ii>-l I j i a « J 
<3 i mJ /J \ mi (_3 d „ 4_oLL>J,1 CjLijSJJ 0J-A (j_a I JL>- 4Jj^ia CjLa_jIa_u (j 

-1 j la '" ^JL^Ja (^ Cj Ljj^_>J I <j-u Jjj I j^J I (j-aS^JJ (helix LU£ (j " ' "Jj) V-l^ 4 

' ^J '"' (1)-* Pj - * -3 cjj-^- 3 "-* «L»jiot ^^j^>J1j . I gj-tS>j d * ^ ■ iq /j3 z cjL^oSJj 

m^I _}JL>u (Cjl—LiJ— i-^j^ j i mj Cil— Ljjj j i 'L i gj I i o a) j^-aj ^ JLJ j' ^-J *J ^ ' 
4_uiij 4_iiLjjJ LgjLuiS _SJ_>»J LaS t(_>Jl (jjL£jl L$_La j^aSHj i_i^aj_u CjLcjj-]21 
(_gjj! (_^3l_>JI 4-la-ij •"■ ( _ ;r J>. pa-i J-SLIj .d j 1-»J1 ^^ mJjj>.I 4jjS^j CjLj^SLa 

Lj^L>JI S^juLLac^LuLdl ^ <L1>. J^jl aJsl^Jlj .djlr QaSLj <-3j-"-u La jj^cj 

*_ L4^>> (-^ (j-Gj-a ^lILa-o Q ^T (j-a Jsaj^jfoJ 1 jj-oAj (j^SLi j . Jsaj^jfoJ I 1 J_A (J_a_>»j 

jj^ «Lj j-jJ-J m£JjI » ijjl < ii 2lj i>^jL\j «Ldjj_Laj (J -S 7" d * ^ ' *a C<U mi jJLlj 

(_Li!ji J_La LjLljvI ro-felg i-.Ul . .."j Jj (j-\_j^.^J^_Li!| 4-pJI CjLuLCJI A < j j U 
Cjl JL>.^oJ «Ujl_a_p 3j^_t-a O -^T O^ ^LLjjljj 2l (-J3 L_3jjJtil tl)L^J .d)l m a i n-»Jl 
!jl\ (_L^>- (j-a 3_ulj^JI '"'I a - - — T 1 Jjijo ^^1 genes Cj^L<j/L(JI ^ a i n" 4jjLp£.l 
Mendel Jj-La i±jbejl JLLa 4jIj^JI 5j^/!jJ (^^L. q\ ..i'iVI j-3jj J-i! . (_Lx^>- 

t_!jL*nJI qjz ^LjLit Ltsj i." i j i iTiSl «l<j/Ij jJI ojla (3^-Ij ' i ■*'* «_<j/LlJI (jj-ill (j-3 

Mfl i i iijij^q-j-i <y o i ii 11 j-j_>J1 ^j ^^ j_A * iJi^S-xa ^—5 cOljjJl /jjJ^. 4_jSjj-a2l 

j_«_i Ijj j i iijjj-uJI (jjs Sj^LU CjV^L^i t;r l£. Jj.^^tl joj jlIs .Neurospora 
CjJiiS il 'l-ijJi-a CjLjjLaj^j i_y^l t>Ju ^'^ d _T ' •■^'.'^ 3_J^ 4^*_<Iu^( Ls I j"' - ^-^ * " 
,_jjJiej j^C 3jj>.Lc ^l!la '"'jl '^' a i4jjj->J! 4jjLa_iSLl! LgjIjJLS jj'^'' Cjlj-SLtaJ! 
L^_LjJ?t^jj Cjlj-^LIajl 0JLA JlLa 4jjJj 4_aJa_La «Lj_o1jJ O-4-jj CjI u aLuAjl ^j^* ) 
(<ujj| r-LUJl (^^c SJj 5 ! i ii a genes cLLvuLJ Ji ^Li (JjLoJI a j j a U j-^Ja (<sj I j i ih\ 
sLiLia pjj (j-a Sj^LIa CjV^Li^i » * i aj Ljj_uSLJ! (jLi i— al mmSVI tjL^j . JU>-!j 
4jIjjJI CjLkjI !Jfja 4jL»U cLS^jjj *>-^ J "* '"' (jJl -^ J." " 'L^jLiiiA i_3jjJo ^^ 
(j-a aIL (JlIi «UjLa_jSjl LiLU i nil ?r j (<i^qj LjILsfc-ilLi (j_a ^jL^J iCju^S-ul (_5 

tilj .oLjjiLLl.1 Lj>L>. c_4j^jj (^a 5Ji.ljJI 5^1liJ.I djlJaSLLI j : jji^. L^I^Lk 
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4_uL<JI 4_lLL«JI i_ij_>JI J^a (j^ ' ' "^ <j-° ^jj iS«t| ^^a 3j^-l>JI cLlo-iSLH ojLs 

J^Li. i."i i" frl L$_il_3 1 4-ut-j ■ U 1 1 CjLaUlL! j»J-#J J-f^ J^>- (j-IJ d-aTutl JL3 

OulSj . d j * _ CjL^HILI ^-L Lr tt T u LaJjlj {j\ '< < nil jj_a (j"^9 s j^* Jl q * ) J- > ^' 

. CjL-uljjJ! OJL&JlLa (^ iLilLill Cj^Te-JI i^\-a lJ Jt- l ^ajJ\j Ljj_uSLJ!-CjLij|j£LlU 
" Jj * * " "-^ Cr'! c ^ =EJ ^ 3 ' w 3 '— 'J^ 3 j'"O^J^' ' ^L"-»C (_y3 dJJI i ii U i."iT i'r->j Ltj 
iCjLiAitll! 0JL4 ^yfl /aSLaliJ! 4_uLi£^x-! *l^ij aLoIL&VI I JU ^Jjji. 2I ^1j 3jL>.!j 
4-2-U&3 jl (jJt-jJu Lxj 3_iJL>JI «£,j m» ^pJI mechanism 5-jJVI 5_<_&La 3^-Jj 
0J-& (j-3 j Jr J 4 j i iiLu/^l d j <a iT> a I jVI i.'it i lis] J-iiJj . (jjiiej La 4-lo^j 
Cj Lajj U U x_j_a_>J (Jj3l_>J1 « Jsajj-iioJI » ^_A j Jr (_)[£ jJlS . «L^_ua1j CjLjl^jtJl 
(—11 j Jr Jsajj-tlo jj_a ^J dj ' * ^JjL-ojJl jj_a pj_) jljj . 4_uitU «L>.LdJ 4_jj1j^J1 

j|j_o (JjJitJ (jlr SjjLUI (ribosomes CjLojjj-jjjJ!) 5j1>JI ^ j£\jX\ liilj 

(oJ O-i^- it_sL*j>. «ljj Jajj-JoJI (_^i^. CiLajUU (j_a j_uSL!l (Jib JlSj . 4_lL>JI 
J^^LIajL] ?r a i n^. i4_]jLa_p d * J ■ la j!i 4_t_i_a * )Lss_>Jl (Jl\l (-r^* Lr J '- J - ->^ '■*'* ' ] 

jj-iLi-uj-jl ^J-d-j 4-Lj-uij Lai . jujl>. ^ mi Jj-lLsj ^—1! \ a^j «Ljj_uLLL1 ^J-iL-ujJl 
ribonucleic jjr idL ui S L u ^jj>II q<~<*~* ij •> < ""' 3-iLaj (J1«j3 i _ T $£> L$j«IjJsj 
(^ ■ a I * ^ j Lg-lSLlj ij Jr J aLkJI Ljjj^jj ^ <I3.1I nn (_^-Aj iacid R N A 
dill ...a (^ feedback t^l-^l jdl x_ij>.jlli! CjLlUx. o^c JlSj . 3-aL* .-«\l j.^>a* 
Cj^LcLxj j-jLjj (jx. aUuLJ! CjLtllLI i_JJip ti^p- isynthetic pathways (JjJitlll 
dJl^j (j^J • L^LSjJ (j-^-J ^j'" ^J^l Cj I jia->J I >Uajl ^1 'Lij-'-o 4jjLa_p 
CjLi^SLa 4jI (j^j 4j>-L->JI j^c I JLjIj lj-^ o^^" » * i aJ Vi £j 1 i aj 42jjJaJI 
'. JjljI (_JJLo (^l dil ij" i ii tl jlLo aJLjj Jl^ CjLJLv«-!! OJL^J I * 1 J a (jl J-i .4_Lula 
t_g j Lo-lSLI I t_t_L^j_lJI (j^j 3-LuaJI ■ ' aj-j (jl La Jljv ^l (jLCaVI ^^ 7r j i a La 
. jlj-ll t}^!-^^ Cr 3 Ojijieljji! ^pj! 3jJLj>J.I i^j Lj j LijSLI I j jjr <_,£ JJj>J,l 
Code 2 ivAjSJ I CjLijS^j i." i T 1 1 a I j i^QJLLa al (_p3Laj>.2l (Jjj <: ^!-'^- •— '^P_S>^^ 

3^jjj>_a (j J r c^- 3 Wd>^ ^ri-y- ^" (jlsLi^^l j-j-«^>- (J^^ cr^' structures 
.<LaLc 42jjJaj 4jIj^JI iJ ± <Lu-uL-u^l sLa^JI <_3j|jj». jVI I *i j' a ' ^' a -o"^' 
J-S L^-lLa 4_aJ_ilil dlLaj I » U '"'N;'^"' (jr^ Lijt (Ji-jj (jl Jjt" i njj 
c-jj^jILi 3j_iL»JI <^3j-«JJ i_iL»j^5l (j^s «lj_ill Ja^>-V Lajjj . ^>LaL^ LiLii Jjjo 
7-LLia L$_)l «Lujj£LJLI 4j1jjj1 Olul Ji^J . LaLc ^JIjJl^. Q^-i (jl Cj JLaJU ' ^j^ 
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(^-3 i2j.il LgJl L*£ i4_lj>JI i^jLLjLSLI! Lili.1 Jl^£. 4jIj>I! <L_u!j.S ^ -n j At! 

Dalton (jjlll^cjljjj (jl (j\jj L«£j . Qj_2JI I Jufc<j-o erlj^' i^ '""^ t^ ^J^' 
(jl Lajjjji *-±lo\ jSl'jZ 'tyJjVl aUV| dJLLj ^ iLuLjj-iisi 5_2_l2^ 2LjjLCk.VI 

(_!! Lsjj-_»_a L^ILijjajj L^_i_jS^j jLt-aj i«LijLi_p 4JLjJL>. cjI J (JjlJl« cj^ij_uLJ 

^k I ajillal JL9 ^ i no-*-" 1 1 (J-uo^J^-laJI (jl ij-j^j i-t ^ -tj 21 (j]}l . ( _^i_AJLo JL>. 

I_4j^j Molecular biology «3_l!Ljj^>JI L^j-jJ^-uJU *u-j\ ^Lij^j-uJI 4jIjjJI 
jLlc! (jJI I^JLaj ^(cjLsijSL! 4-JUI *-UU <_j jU. jjjl»JI *JL*]L£ o-^j) U^ 
3 J L.3J Escherichia coli iS^^ I j utjj j'\'l 1— ijj^Lus ^Ir j J l^j La J£ (jl 
a1j-CJ " -n ^ J I ' *aa rt B J fQ^_alj-C » 1 o La U J .4_l>J1 CjLbLSJl x-lojv /^Lc Ltiaj) 
(jl (jl i n iJ^-J jLj>* ^aJ 4_ujj_>JI Lo^aJ^a-LAJl ty\£- ' ' ' * * I (j-AijJl (j-Ui^oJ^-i-Jl 
d^K »ia Lix. j i >i j^a tj£ cJlj La J La- J£ (jlr J . (J^LUVI (jlr sLolj^. (_^JJ 

. 4_jjlj^Jl *j a m ! I (j_a SjLjjlj 
U-(-3e-ja 4(J\_^^J^_jj^S_lLI jjl-»" (_Jl CjljJ)j£LlL1 jjk*" (j£. LiJSjj^jl jJLJ 
L$_i LJlj_> ( -5 -J-II 3JI i n L| /j *J-*j fl-Laj I I uuJ . I u-u i ii (^yJJ Ll>-IjJ| Ji^ju (jl 
I jlj . ( _ ;r ->J! (JjLSLILi (j^sLjJI j Jr (_^ (_£jl_«_i£ j_iij^ 4J3I 1 iiji-I u Mi^Lla 

^j^-> * > jl d j je ui-a-LiJl (33-^ ^ » uijI jl (J-u-ji d » mi 2 ^ilLa * ijij^Lul (_paj-»3 

I JJt •» 1 1 aj (jl t—ijj^LJil » xLaj 1 ■■_' JLSj . 1 ^l"H (jlajjuj (j -i 7" (jLa CjLjjLijSLII 
(j-C j^a_»j jlSj . j-jjju (jj^ jjLCllI (_^Lc j J-Sj 5JL>JI aJJb (^ j-Aj n_atJI 

(jLi llsLS . I^JLJ (j J 7- (( d^JJ-lZj )) (t^Lc 3j-fljljl ^J^** ) ye-U^J LAJUX.J i7-^Lt-s3 VI 

JLa3 I < 1 >i I jUa Lot (jLi (jl Lol .CjLoj jjLSJIJI (j£. i_j^j£LlLI j-^*^. LilLi ^iill 

jlS (jjSLjj . 4jjIj^JI cGLii^s ( _ ;r 3 j-j-«j )<_o (jSLIj ^jLClj (jl i_ijij£Liil * j'^" ■ "_* 
3_«_lS o-JLi? ji^j .mutants Cjlj-aLLaJI ,j_o 4-1jjJ * • • * * j ^j A U 1 1 ^p^jj^ 
(jSUj (^111 5jJliJ.I olj^LLJI (jjsJjL^JI jjjlII ^(j^SLj ^LJjiiloLijjiLLLI 

2tj-j , „j ;"«lj AUtl OjLlt 4jJlljJ (jLSLol (_^3j H—JJ^^SLlO (JSLI I j A UljSj (j I (jLjU^L! 



j-jJlHj (jl CjujjS j u (jS_4-i (-j^Jl L^J^ 2 ^' L^^^-^- j ^l-»**'tl CjLlLoX. (JIL4JJ 

(j£, » )Lss_>J1 ' a ' -^ (jl Lii « 3j-jJtILa ^1-tJ-J ^-° L^-mAj ( ^J^" dUjuj L^J^L>. *(j-« 

LiS . j-jjujj (_^jj>.| «Lt2jj-lo L^j «Lt-aL>JI (j J 7- Lkulj-tai (jy^Lc SLi^JLI CjLa^U U 
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JiLsoVI 3j)LcLj i_2j_«_jj CjIj_sLU_J| 3_<jiIjJ (j_o 5JULj 2 j I -i c '*■ a ui-i£l 
OjlSJ) ((jj) (j^oLLii ^1 r-Lijo t-ijjSLus ,jji CjljJaLL (j! jl^ . recombination 
^iilo r-Ll^o 5J^L<j/ (ji^- JU cajJ I * J U~ ' ■■' LuL3 (j-ujj>.| (j-^j-° j Au'.ll ^]\ 
^j '• a 1 ^j-a 4-AjIL3fcjq 5) flla JL>-I ^jL-ujVI (jl jjj .p j jj-a j jjjj CjLLj-oLLlS (—11 
Cj|j_aLLaJI) I g"u-I"u ulj (r ju j I) d iil"i^e-a CjLu-aLLj3 ^1 r-LL-o i_sj|j£Liil 
3_jjjJI ^j^- « J (ji J->>J i 3a-ui a 3jL».lj 4_Cjj_a ( _ ;r i Lt-LO--v (4_uL\!lj ^jVI 

tc-usIjjI jj-«J * 'J—?" (*J-^5 77 J i^y* jl M (J-" J' * ) J (J-" ^— > LJLi-aLILL^ ^—Jl T"LL>»j 

(j-o T <— i I pj-i (j-o J)ljJ32l (jrt-> 4j-)ljiaj| 3j>L«U (JL2jjVI (_>^ulj CjJl>. JL9 4JI 
0jJt> (jl aj_jjI l_2jj_*JvIj .j_£jj>.I 4_o*u jj-o p jj-£> jjjj pjj jj_« -^Ij-^^'J ^^-^^ 
(^ J>lj-3^l (>_] "rjlj" I 1 4j*jli iCjJLso J)L>oVI SjiLcl ^ .i i n" ^^1 4jLjj>JI 
r-jlj-lJIj . ^ jj-iSLIV I j^>J,l jj->^5 (_j-3 CjJL&jjI. JLSj iCjLijj£LlLI CjLcL«j>. 
Ljj_ljSL) (j-a CjV^LjJI (_>^ulj (j^-Jj iLjj-uSLJI i. i If ] ^^ Lcjj CjjJL>JI jJ>L 

• I A (J Cj A^Lj_u ^. tj i n"j)j)L?o z 1 3j)l_cl jj-o 4_»_ijj— a d null j_ui_ij zuuz 2l 

? (12) 

.Sexuality ^ m i-»JI jjLCiII (jjs Ijl>- ^Iju ■ La 1 j <LlU_»J| ^l jJ-uj (hfr 

(jSLIj . LJjJI djLoLSLII ^ jjLCi!I ,3-0 pj-iJI I J * j--'* jjU~.ll 4jI ju JiUj jlsj 

."'I a-i^aJI (jjs jujlkJI 4J bacterial sexuality Lj jl'C i II ^ ^ mi-»JI jiiLdJI 

(tSjjSjJI)) 4_o_t-a fyJa-«-J r*jlj-lJl cL_i_ujl_4-o ^jt cLiLui^. l_Ajj>.t ^j-ujj 4 t-iaejul 

«3jjS jJI» (j^. (Jj^ i M U SjIjjJI (JjiLc ^1 jJLjjj j I . y. , ,. 1 1 j| ((cQjjll)) d jIVH 

dil j x_a J-Aj ihfy>» « I a (j» CjV^Ijj/ (^ VI 5_uljjJI ajLLI 5_lSj (jx. j_uila 

JU>.| »_a glSj "i mi a SJljJLC ^j^> ll Ltaj> d a-J-*L>JI /y£ 4Jj .^ J T- £jja ^jjSJLi 

. ( J-«_i L«-J-3 j-J^I Jj'^"^" 1 .' L^J O^J - *^ -1 *- 3j-"j) • SJjCLnil Ljj_uSLJI CjLa^V 

(J_aL«JI I JUt ^jiLa-l j i ii i -v dlV^I i ii II -U .^i .j ^^jtj-dl a jj» CjV^L<j/ liJLUjJ 

(jl . (ajjj/jjsj|j£LII) (jJu-LaJI ( _ ;r 3 4_uljjJI 3j)LLI 4_lSj (Ji-I J) (_JjIbe-o 4_iSLIj 

I j)La : ^ i ni->JI jjI£wl!I jjJaj (Jj^v i_fljjjU ^jrUiiej ^1 Lb u j" ~ ^jjLi>JI ^ Jut 

J^a ^gj-uSLi (jjjj-ls J2JJ 5_Jlji LiJ ji2 Ljj_uSLJI ^ ^ ..m->JI jjLS_JI q\£ 
3_JT (^-a J_itj S 4jLiA Jj^sI (j-o LjJjJI c^LoLSLII ^ ^ hm->JI jjLSjlII LiJ 
M _. ^U jJjLoJI (^ q\£ La J2JJ degenerate mechanism 2 U ,1 a. (Laj-ulSLuj) 

S ^jjJalll Aj^ilLl 

.transformation Jj^t_UI ^ n . .." CjLkijSLlI.! jjj>-U uJj^' ^-Sjj-^ ^Lutj 
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p^j jj-a Lj^ j"(S i 1 1 «Lcjj-« (_JI ^Lua (jjj p^j (j-° *d>d~" ' C"^ tl) -^ ?*" * ^ ' *""' ^-^ 
(j J 7- ^j^** I ^j ^""1 * (jl (j^^4J {_y2 4cjj-« (_J3 Ljj-uS_J1 lLUj (j»a 4-i-mJ (Jl3 (_)-a 
J)j aj 4 j g ifrl 4_j-L»jljI £JL$Jj *(_>" pJ-J ^L^jl i ii a Ol a ■ *-> JL>.Gj jjjj p^j (j-* 

(jSUj j_^L2jJI 3-ojLlo (jl (^1^ >LJj iiJLlai (jL> dltj ; 3_l«j.>L<VI 5Jia.MII 

(jl i. i i i ii II (jLS ^*djj ' d *-. O"^ 4-2jjJaJI aJ-fr* CjLijj£LJil (j-u J Sj '"' (jl 

da-j-se rt (j"^"^ ^ ^ (J - * ^ - ** 3 J U ^ ^ "' " 3 ^3-4-1 CjLjj)j»£_jJl ^j^* i 

ifll "i mi^U mjjJI j^tjjl (^Jx. 4a.jljJ.Li a I Sh" LjLlJj i=U 3j?l"U djLjjiLJ.1 

CjVI_>JI (j-oj j j al ^ » tl 4_ojLSxj 4 5 I «" 1 1 J^IjjlII JILi ^1 w gj " I j IS Ij 
p^j jj-a Ljj-uS_JI (j-u «L^o-l>JI Cjl^LtiaJI 4_ajLa^ j La >■ J I 1 jju] /^ll gL a -o- t Jl 
3_ojL2JJ CjLjjj^LlII (jiaj-j-J Jj^ljJI LLjJLC.1 liLs .jLojVI (^3 ^LujlLtu 
4_L»j-JaJI CjLijj£LlLI ^j*-*; ^1 3_ojL2JI OJL& JLajjl (jSLol 3_j^j_>JI CjI jLiiiaJJ 
.4 i niVt (_£_j-pJI ^1 i<t oil (_Lt3 (jjs IjLii (.". ''^>j-«3 JLS OJ^ D' tjj- 5 ^i^ 
^yJl i^J^j (jl d)^- 4 - 1 transduction J i^il^-UI ^ « m" 3 jUr '_>*"' <-iILutj 
Ljj_uSLJI CjLjJsV jl LjjjSLJI CjL^iJj_i3 4^jI mi<i 1 (jU'nj . CjLkjj^LlU (j-^j j_JL"UI 

(j o i n"j I j.v.»^» <jSLt i Lgl5 1^£. JUS Ljj_uSLJ I Cj LiJs V ,j^ j±&j • bacteriophages 

Lajlj iL^Jjl^. (Ji-lj> ^Mtu (^ j'hi" L#jl jJLuj .(Jjloj V 3JjCUjl CjLi^MJI 
da S a 4_lj>-jL>JI CjljJjJJil ^j^- « J j_ljLj 0-30 JjI^jiJI j>JUt < La — ij jjl£ju 
^JjI^o^. JUJL>- jj^ 3 l^^^-*-^ L)' * ^Laj i ■■" j_lJU£,J . (^Lu3 4-i3e mAJLul 3^^ 4 » mi ^Ls) 
L^JjLc jj^s 4_u1j^aJ1 £j\ a ' aJI ^j^** 1 J^-^o JL^ lLLJJ ^j* dJ (_2t^>- (j-^J « 3 Jj JL>. 

. jjjl^JI L^JjLc j^JI (JjLuJI 
(J.&J i jAu'tl 3j5jL^5 cjLJlloJo-^VI L&Lo-jjIi ( _ ;j jJI-4JjCL«JI cjLc^^UIj 

cLajLa 4jn />>] L^J O-iL^ LajjJ .4 njl i nil 4-Lt-LjJaJI J^I^jlII ^^ i4_j^L>. J^-JJ 
Lo .(JjI^jiJI ( _ ;r 3 SjUJLa. 4jjIjj CjLoj^s jJL>-jl * J Laj i ■■" L^JI O^p- JjJaqJl ( _ ;r 3 
^jLS Lc_ij jj T^" tl ^jL) <jj>*^2 4_Ljlj^ajl ^j^> tl * ^-wtl i J_ i-i al^a3 (-r^- M^J^^ tj' 
(jl <>SLa-! (jjj-uCLo (>-oL^ JaLujI (jl mj! iaccretory process 4_i_<i^Ijj 3jUr 
4_uljj CjLoj^5 Ii ljuju>. Ijij^ Lcjj : Ijl>.Ij (jLuVI •» • ■ aj (jl JL>- (^Jl jj Lajj 
(__5 /- la-LaaJI (J- L l L tiJ l i 1 jL^>- (jl CjLoiiJI (_^iaJLJ (jjajj . LtA 4j^jI ^ya d 5j uj *■» 
U IjjsLua I^jI (JjSLj L3-I jj'*» i." 1 1 ii^M-ijij^iSLII (j o i uj mJJJIj-4_ujlo 'jljjJJ>J 

(jl .3_LJlj_pJI 3_lL>JI x_a Symbiotic alga ^LaLSJLa I .l-»U i^LLI (^ (jL^ 
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(j* lij-SLJj? Ljuiulj^ (_, « mil Protozoom ^j^l ^Ij-j-sJ! jl (j taJI i. . Ir I 
d"lj-v ^ i_gj_bej ((j^oLjJ! J.^Atl ^a oLi^jL^ i_gJJI) Crithidia oncopelti 
LgJI . <A_uJJu ( _ ;r L. jx.1 in" SlaLCla Ljj_uSLj (_j I r -(Protoplasm aj^Ljjjjj^JI) 

CliLt-g_-^_"Jl (j-uj *— '^JU^"^' uJ^ (JSISjJ! I JUt J-La <j-u ^ Laj i ■■_' tLiZJaJLa flajaj. 
<j-aj . d I j a j (_yi 3JiljjJI jl Q -v jj_a Uj^>- (jKl^LdU JL3.I L$-i3 *• 1 1 n\ (.^"-11 
CjLjLjJJI ( _ ;r 3 o-Loj-ll 1 " 'I j » jj a II 3j^>-l (j-o g| j 1 nill jJ^S JJ 1 a" i (jl i_ijjJaJI 

^ K II J_i_La~JI (jjs CjLAj (^,111 chromosomal apparatus I _i I <tl CjLjIj-l>JIj 

-J i-S" '"II (jj& 4-uljjJI Sj>LLI JjJju (j-a LsLal 7t~-aJ jj < y\'A\ jj| . jjeJJI I Jut (jr^ 
(jj ill JijSj . I, ' T~ (Ji~ JLjJI SJoL-uJJ-tjl 1 11'lVI rj& 3j)JJ>-jJl,l 3j)LU liJJj (_^i>- 

. d) Lj 1 j_l>J I CjL-uJj-loJ ^JjljjtS (Jj^tjJJ 4JjL"J1 ljj j" > '*' Ai JLa-**< 1 ul 
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£L~ (j I- I_L>.j_Zu LtSj Au'.tt ( _ ;r Lc SjjlSJI IjjJj-cj Lijj£LlL ! » j^" i "~j 



cjLijj£LlL! (jl . ( _ ;t j>. jJjjjJ I (j^jJ! J^^Li. L^jLoj 7"L><-i (_y^ i—iLij-ual jl>-I I jl&j 
(jl^ Ijlj -<LpJI irjLuLd! jj^a 3j>jl«_lU 3_lL»-!jJ! c^IjjlU! ^le. JjJju Lojij\j 

^—3 (_pi_LJUJ tj\se-n& 2 1 (j_aAJuj /^-Ji C1)LLiL£J1 (j_a u- tSaSJl 1 Jut (jlS 1 n <■ Mr 1 
-3_uljjt}UI L^_uSLJI Jija-ji jjU'.tl ^ jjjui J>j^a ui!l JL3 i3JjCL«_a 4lu 
Lulajq ^j.ii-U (j-Ue-i "^ 2 1 (jl^ 1*39 1-ClJI jJuJl a '""'^J jSU 4-1>jaXI Ljj-uS_J1 JlLa 
i.* 1 1 njt (jrd^ ^i>^ 3-!-}L«ILa t_jijSLtl I JUk oLus o\ jj La" 1 1 2j Si j->-lt Laj-uU 
^^ I g-> a (jij-oj Laj ithiobacilli q .1 1 1 "Lij^u -ij^>-j (j^J '^i>^ ^J ^ J ' a < * 
jLujI c_t£jS ^—b 1 - *jj LaJa Clil 1 11 1 i-4-ij 3Lj_>J1 (ju I i 1 1 m 4tls ^j_<j_>J I ^J-taJ^ T ij «Lt_u 

(jjiLJj i=L>.j_LLI 4 LI"! jl 3jJlc Lol I j^*t- ' Ll* oLj-LI °j^33 • j-i^-! £ i-^=j-«^>- 
4jj>JI djLoLSLII SjjJJ (^i^. LJjG halophiles i^jLdJ 2luJ,| oLjj£LjII J)j^>-j 
4jgi5JI Cj!j_l»_l!!j jLkjJI CjjL-oj Citt i"i JLS O-ili "W^' O' J^ (Jl'f'Jil u^ 

Liljila barophiles . U ; . ^ 1 1 4jj>J.I c^LijjiLiII Lai . L>-L>-l L*ia liiljd 3jtj-u 

j j mi* LaJi .Cjl_ij|jjS_Ji.l ^Lal 2 j-a£ (J"-«jJ tjL^ La (^JLnJI . Ui . V.tl jj] ^Ir 
jl*j*_LII (jjs 5jjjJ3 SjIjjs. jl ^1 Psychrophiles 3j>jj_jJI <Lt^e_a CjLijjSLJ.1 
(ajj|j^>JI (jjjSij (JjUj .CjLjj|j£LlU (_^jJ Liiajl "Jj^ia Liiajl iJluLS aIjjJI (^^Lc 
i(ji a-ilajJl i_aLi>Jlj 3jlj_>J! (jjs CjIj_i£ «_a i_ijSJlII <-.<- I U* . ..I 3|_l>JI (jl jjc, 
CjLij|j£LlLI LJjG dJJjuij "Ljgl) 3e-L<aj| CjLjLiill (_>^utJ "jjuill oJUt iiiix-1 Lo 
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jjhill ^ CiLgjS.i.nJI 

CjL>-jJ (j^dil iVi jls qj£j L^jj 3Ljj>JI jl ( _ ;r L. ithermophiles Sjlj^tl! <L->JU 
lj_& (jl _ 1 c da a -»"" ^jl c_<j*_] l_L& j-Io^ . 4j^_ua «L>.j_} 90 * In 3jL>JI jj_a 
CjLjVjJI (^ Yellowstone Q^'u.^ij oj-u-a (^ «UI pljlf' 3 Us". ojj-23 jl>JI 
lj^>- j_l1SLi (jlr I Sjlj^s- CjL>.jJ JUX. (jUj *LUj 196) .4_l£j_us^I SjLxjAI 
aj-tb Jii_o (_yi Cj Lj jj-SLlII 4_cljj O-cSLal JLSj i^LJI daj LtaJI O-so OJ^d 

: I j".»j ilaj sLuJaj al SLpJI L^jlg jJ-2j u^\ ^iJrP^' sLlo-iSCJI (Jjs 1 La a3 I JiJJLa^s 
3-SI r .1 ■-«- J_Lo JjjLu CxJC-J-ual Lo_d 4jljLUI 4j^_j_>J| - LlojSLI I jLi cJJj 

«L*jL2JI al j-rll (jli ' *^ j A aj II (j,^- (jL^LjVI j-i>J 5J1 1 nil (j^LIj 1 U^'a 

SjijLJI t_iL±jJI (jlaLlLI ^ylz. halophilic psychrophiles Sj^jJIj 3j>.^LsJJ 4^.0 
fj^ilhl 4iAUj thermophiles Sjlj^eJJ 4jj>J,I CjLjjj^LlLI jl>J a I S 7=-J>il cr^ 
u I r lj JuLLo t_i_£lj^L!l <j-\_i j_flj^JI ^JJo ^Jj S 3j_ajJ! lJ \c Q^jj£LII j j 1 .M 
J j a i(jij j j 1.1 itl ^L2I^.VI I jut (^Jx. LlU-»j L»£ juVI (jJI (j^ mi j II (jjiiaJI 

<Lji 1 11 1 LI 4_j_]^_jj-fl_j_Lj j^ tr* (Jl 1 5j 1 ul ^-5 tillii jj-o f«j2,jjl /^i^. La^j J-aLj 
^yfl cLuljjt^UI I j" 1 ''.;.' (j^ CjLjjjjSLJJ 3J_^L>J,I CjLcjISLII !Jfja ^j mi j 1 1 (jjil>JI 
l> j n ^jl jj-* j-)J^tHJu ^J ' aAll 1 jla Ot^slillsl jlSj t Sjljjlj gj j 1 11 mi ^ rt j 1^ ' rt 
IjLjv «_ual (jl ^jVI ^--5 c^j>.j 1-4-ijJ »Q^ qV mI ^-JlIs i J-«i^tj 4_»Iol i_3^j_u La_a 

. JjJ^>- J '^ a t-LjIsI (_J^>Li. jj^ (j 1 iit-"iII I JL^J 
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La j_lL_u Jt£j_) La (J-la z^9 JLSJj (2)1 » .J aj i ■■ ) 

^ j ?"i i .1 a cijLijj£LlJJ tjl ill! j> ; cjLSLII \Jjt Ly ^ Lj£j> 
(jL^ S_lJj£ ^jj^ oiiju*. I j>l VI n_4£jSLII I jut ^i^. 
j^SLc-i z (J^JlJI I jut (jl . La*^_us ^a^sjj (j n o i"ill -}j-jj 

(J u i-»J1 L^-lS Laj tCjLI^_J_>JI (j_a J-J-lS £j£- (JLxJ (jl 

j i '<* II Cj^j>J1 auI (jl ^tlLa (_3jjlj jj^*-^ « l£> Ui-U I 
7-L>J Jji1»j Vj . SjjJjla o-*- uM jls sperm whale 
aIj> La oJLllo Jjjiiti! J JUj (jjJI 4-»IaJU I CjVjL>JU 
Cjj_>JI CjL*-j_La ^l (j-\-j_aLLi 4_L£ («JL«JI (jK i u 
rhinoceros jj S II J-j^-j jl J->>J <-dJ ji£j . 4-ujjJI 
4jL«j (osprey) t-iLWIj Pangolin J^JLLJI j-iLUj 
LfcJLol>.l jJajJj JJs 2 1 (_^Lc !j-jLLij ^'_JtP* -1 i.na.A.J 

ijjjl jl>. ^^ t-L*_Li LgiaAa. (<u lil VI i_<ijSL!l I jut (j-° 

j—jLlj I o S Tj ^"'' dLcJ)^" i ii a (—3 jl CjLI^j_>JI 
J^L-o 2lLJVI j^LU cJl3.| JUai '. I iaj? cliLLdJI 
• a L$Jj^>.J) J_»-> «lj^e_i^3 (jJI (jJI n mi II 4-lSj^3| 
J-jJs <j_a ijLSj 'J nif (j-iL-UI OJ-2-" <J-3 Lg« l' - "U 

.(j^jjjjlj * )l_t£.2l jtlu d ' ' -^^ 4_lc1jj d S La ' rt 

. 4_j_3 LJ]^ \ mi a ^gj i ii ill (j_u_L>JI ^J ■ 5j i ■■ a (jl jjj 
(jVI Ljj Lax ^^ (jjj i a —■" 1 1 Lilf 2 tcloIjJI (j-aj 
aJa-ujLj («J 'LiiLc 4jj_LajG i_fjJ3 4jjjJI sLaJu-u^U (jl 

245 



(jluulllg CiUgjSUaJI 

. LaljLa l>Lii=-y jt 3 «j ,^;ll (jjj^iJI aI^.VI J^Li. (j-oJjJI JLp^' ^^t^ 3 " 

c-uj^slUl (_£JLa 4_ajLt-a «UJL»j rc-&jl Ttr 1 (_J3 1jJL>.Lj (j! (jAj^N i naJl (Jj^. (jl 
j_>. (j-iLS (_£l /y-^-U 2[ CL*_trt_i 4jljjJL1 jJLus^I jj-* diL-iJLI (3^^ pi * mi 21 j I mlb I a 

tJLax c_t£^£jl 1 jla -n ^*" (jl * ) j->J' W-^-^-3-^ i3-3^ o^- 7^J^ s - i ^L9 * s j d '"" rt 

4ieJuuu2l J)JlC i. i i ii-t-i (jl Lcjj j_ujijJI (j-oj . 4-u l_aaj>J I J 4-uLiiJI SLpJI jj^ 

. aLSj2! j-<Iij (<u jlsj i ' uaJill I jut *_Lu (_;^>- I *j j » aj (jJI r-Liaj (_^lll Sjjj-iJ! 

t_!JjjS_j_o (jl . Cj L) jijJiLjJ. I (j7i ji" i 3j_m a i_3j|j_IaJI iJjUt (j_a («-C.jJL>J 

3_ojl_2ll Jjjui Micrococcus radiodurans ^L°La j-Jlj^jj) jj-ilj (j^j^jj£Llo 

La (_3l * <Xt Cjl—i-a LaL>. 4-a-cul ^j-a (J-aj^ T iJ ^#3 i(jiuJbJLa ^s-l (Ji£. pi * mijAj 
CjLlo^ (_LajtIJ mJjj>.| CjLjj|j£Llo dJLuk (jl i_3jj_«Jklj .4jJ)L«JI Lj^LJJI 4la^tjj 
l_gj i|-< ajlJI T-^M-i^sl (_^-l^ Sj-^La Ljjl jJLuj .(jX.1 » i'iVI Jo I gill I (j-o g| a V i *i-» 
w I c CjLjjjJiLjJil 3jJJ3 cr^ ' - . '- J-" 5 J-*j5 • *J-f^ a^I A< i-pl . .".Vl 4 iy iij 
CjLij^SLlLI ojutjiuo SJIj^i (j "J pLtjI/VI (j^s m^j" i nar-lljl Ljj)jl I j)lj .i_ojSilII 

jsLSLj V 3_jj jj| JjLlUI ,3-o j>jx. ^Jl 3^>.L>. ^ USD (_^jSLII I jut Jla ^ 

'J ' a c (j-3 (Jy^ 'ii ill (j u i-»Jl *-Lu (jl jj . *-." i (jl (j£Laj 2 » XJaJl I (jj^JJ 
L^a_L>. A-AJ miIj (jH J ( "I J ' M 11 p I q *~j lM-**' Ot^-J .^LutJ! jj-a JL>Jl lj_A 
j-jjS^I ■'_'■' J " II (j^S A JLy" i n" 3_jj jj| t_jj_>J| (jl-jjLjj Li^-Q^SjJU cLaJajJlj 
)t_ujj>. Aual JL>.lj ^ mi tz-usuj (jl tiJUj) 3<_a (-jLj-bj .4_luloj1 4j_ujLjJL1 (_a 4JLa 
l_£j JJI jLajJLi JUJUpJI (jl dilj) t 3 aJoJJLl 3-u-ulji.itl i_ijtl JII (jjjj> (j-o (JjjLlII 
pLajjl j_a (.iii ii tLa-LlSj-a ^Jj-3j_ji.2l SJjVI ^ 4jJL>. C^flJ. J^ (jlS (jl 
(j.i "i ->JI (jl i j t\ . II i _«. i ^" II dJLUj (jlUI J)^LJI Jo.1 ^ 3 ^'J^U (Jjl i .1 a 
9, ' Sjj Jl^ La 4jjJ J)lj I nK 3l_ir>JI (ji^. duu3jj>. A' uiiJ (_gj mi j II 
(j|-«_jJaJ|_, (_gj_Ia_j d ^ -v j J-^-*f (J i^rttl I jut (^ iU^Jsl La L )S'j-(_gJUX.j 
^j.a £i , ,. A i d 1 ■ 5j ' ■■ 1 IjUJUp JLtlul CjLi^S_lLI ty\£- j^j i 'i t Jl (j ni-»Jl 3jJa_u^i 
3_lj>. jj j_ljJ I i_ij_>JLj Ijul (j I *"_' ^ I J-* <j-^ i. i j i nllj .Sjjdl (jlr cGjJajjji 



4Jal i iuJ i. i j i nllj . jlj'jn i'iVI (^1 ^iC JLJ t_lj_>JI aJJb (Jiua O-lL^ (jlj i LjjLJl£Lalj 
(j^a clJjlljj Lj-iJ3 (jjjLiJI jl t~ I ^j i ea -»~ 1 1 CjLuxloJ,! dJUol JLaJ '-(jij La^ 
i ~ , , ^> A 1 1 a , I ^ ^ I As j (j^lj^a^/l (Jj^. S j laj i oJI (J^L>. (j^s -n gj >Q < o^> CjuLSLal 
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ijinlmnll xgS Cj\j$j*> ;oII 

.(JLalaalj *_U=ijJI CjLi£j (Jj-«-o 
.4_loLJIj d lilVitl (JjjJJ <LuIaJI hljJvl JL& (JlLo I Laaj! Jpej <-^-<- a ^ L#J' L« 
.jJjLa .a ,i_) jl'niVl j^j JL9J .(jJjK i ntl jLtijVI LbjJ 7t j i a ? liili er^-J 
joJUJI (jK i [i (j! (>uj 2 Laj ■ ■■; 2 i uo. Chicago ^L K j u< <L«-oL>. qj* P.M.Hauser 
5-SI «a~ i ii j (j^-ili (*La (_yfl tiJLufc tjj^ j ' n'^ (jr!l->JI Jjl«J.Li (<i^jjLjj Oj n~i i .il ^] 
(j LxtaJLI I dllj) ( _ ;r 3 Laj 4j^ijLJ! •» U , „ ( j_ a f-JJ-o j>lU J^ JjLio JLsJj ^j^--- •"■ 

w 1 C 5j»al i n a ' t-Jua-i JL9 * 11 i n-»J1 jj-* p3-^' I^LA q\ . (JLu>J1j ^j Lse^aJ I q 

CiLaj I < U (j-SLJj . CjJLrtj (jj 4J2 i >t_i-LaJ I j *U j^-ui-o X =LcSL!j aj j ^ 1 1 SjLjLo 
^ja "m i r^rH' (Q-ILajI O' i ii ' gu^aj (j I (_& CiLii i n-»J1 0JL& (JILa *'JJ *J J 

d la g i ■• * ^J-ll J i ii ill ^j_Ia_u ^_alj-j CjjL_u jj ^-lo^ . pj_>J1 * >jLdJ jjf^" i n a /j£ 

^£jj>*\ 3j-o i ^ c I ' gaj i /cj (^\_ill «Lu_u j—5 (qJL*J1 tjlS i ii jjLc i ^ c I Lcaj i (—3^ i n* 3 ! 
j_jjLa Worthinghton (jjJLaJjjj j^_l£jl1I j_jjJi3 <. ■ m\ jj^jljjIj (^-ill aLc 
(jLa (jjj_jlj_lj j«JL«JI tjl s in jjf (jja f^j-^VJ -c^J^ cr^-^-W^ ??- H>^ 

- La • d j dJJj ^ 1 r j .j_ljSLi jlJuI sJo-u JLjIjIu 4.L&I aUUI lJ \c /«JL«JI 3jJL3 

jLajJl ^JLqJ L vi JLjlj-UJ ijjjjLLjl 1 ^ * (jl jjS-4-S LX (J-2JJ jgj I ii J ■» Ll ^jlaU 

a ", ij , ^ -^ ^1 , ,,'iVI .JJLa-J /«J lilj . (jK i ntl JiJLc JuJLao ijja Jj ^La .(_gjjdl 

S-^aLUs'^l SjjJliJI i^jl mil (jljm-tJt ^ (Ji-Jj V otjLo^V! a jut jj 

aL>J! jlj-U (^ (J^sjJJ! (^IjJTj 3 _"l .^~.aVI tljLajVl Jla (jl< i, ill S^LjJ 
(jjjLiJI (jl-J Cr^'j^" -3 (j-*a-LI I (j_o (^LiJIj (_yjl "- « II i-i!j I i ii II w uijjj 
4^jj_»-o CjLa^Ltll i> JLA (J!i-<3 tJ^^J (jl C-t^tJJ . «L_uJ\£Lo CjL»-iiIiJt_a ^-5 (^-'l^'lj-u' 
d ^J ' rt ^lj* 1 - * iLlSjl 1 JLA 9-^l^^a ^—b * )J->Ji j i"i* ii nj J rt tji-*_uj! (_p ^JL) 

- '^ ™J „ ' " L)' iJ"^i J - '"" L5 i CX° J^ <^ ^ ' rt - _^ 1 1 . ^ • 1 1 LJljl I nil jj-* 

LLa-Lm^a ^j-iK i nil jLstJjVLi jLjJLgHll (_j S p (jH-!' (.^-A O^J - ^' Ct^ < ~ '^JJ^r!^' 
Ajjtj ^jl /- fl-» 4-LaJl ) Ltiajt-jJb zj 1 4-La-t.Lga.lX I «Lxj>-^j^_laj1 * ) J->^I (J-* pj- 1 

( _ ;r a (_)->JI l_4_ijj .iLajLa 5^. j_»jij ^3 l£_u L^il 4j*j»j <_JaJ I LjIj-o (j-° cjLlaIj>J,I 

(jl Ttxisl^JI (j-OJ |J _ ^ j" ' ' f-*l .>« .tlj ^ I . U 1 1 j_j£j3 (jr^J ij i nill JLjJL>o 
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(«_lJL«j 5j£LL1I ojut o-ojj>- lil V! (<i^UI ij£Lio jL^ul (_p ^ I ■ Sj Lo j_& I jut 

t(J_a_>Jl x_]l^a»o (j»o I JU^-o ajJQj_uJ (J->JI I JLA (jl dJJ!i (_L*_oj . 4_u_uLu_u J I *Lj-ij-S 
i3jl_Ua_>JI CjLxHioj -> I » u 1 1 j j J a ljijj_oj , . , ,^."tlj jj i^'ill (j-o Jjsl IjJ^J 
i^jLaJI ^jl j a « j I j .<j^^JI J- ^^ 1 *" '""-* o-^J • ^-tLm VI <j-° <J^' J^ f-° 

JJs^l w I C I * ... A iV Ljjj-J J-iS i 4j_j I Jijj-u J lSj . .■ all LujJaj O-lLS I jlj 
j\ idjl_>j|j_SL<_tl (j_a 3j^>.j_I.I '"'I j j La II (j-A Lai . SLpJI CjLo-lLij aLjjj*VI 
(jLSLoVI (J JS jl S 2 j^j.U",II L».jJjaJj_^LJLl LJ 0>i-j3 (_£JJI Lo nJJjjaJbfLj 
Lo (JjI"(_Ll3 (j-o Lulj Lo-^ 1 1 nijtl (jl (0-C.jJ ' ;<-><-> 1 ^d3rP* '"'I " '^>» i— al uijSI 
(jl jj i i ii J-JSj . L-LSLo-0 4JI o »"i 1 ill jL^ I nK 1 1 ^1 . Vai J|j Lai L^lo 1 ^ uual 

(Jj_2_«_o jjJs (_Lc (jstij . 3-ojLiLU cj V)M-<^iJI (j£. 4-«j>.LtJI ci^'C i~iU LuiisLJ 

ij-^iaj (_3jj_u 4j^_j_>J1 Ol jl '^ u <3_ojL<m Cj2t^L*_ojl (j_o 1 JUj-o ju «Ld!u1 (j_o 
(J^Li. jl 3jUJU>- <Lj^-p. CjI ^Liiaji 1— a I mmSLi I gjK: Si Laj . ..tl (j-o jjjulj LiSLIj 
(jl 4_oLc 4_a_i^a_i Jo"i> JJ . ^Lt3 Lg-Lo Jiajj-jll t_ij^jj ^yfl i_2.}L$JI Jj JLtjJI 
iSja^^JLi 4_j_u3jJL1 CjLij^S-lII (Jl-Lta-u-ml Jju (^pajJLI (j-o 3JljJl>. JqI a-i 1 >^ IaJ 

4jj_uSLJI ^Ij-oVLa . jVI iiJ^=j lilli lijj (jl (J« (ilLi »jU*. ,.,'. \jLi T «Jal^Jlj 

(_p=>lj_o2l LxjJj 1 Sj ■ V» ■»■ **< 1 1 di L<-a-Ti->J, I (_yi j_£ jG 4_La-4l (^^jJI L^J O 1 njl 
a_a-Lc^3-ll (_p3lj_o2l aI 1 ii^l JL>.lj . Cj L^i jj_LaJ I L^gj-uu (^jJ-I! (_i 4j^cj_LI 



jl pj-i (_£a-<-u) 7r iXlj (—jjj-SLlo (J-t-at «u (J-ojJ iiijl-Lsj-i-aJI » 4_oL*jl 4 j a 1 n"i J I 

51 1 11 1 4_^_jj-Ls jLb tiU!i (j_c I c jj . (cjLi-ojij-LiJi (j_o LLiaj j I < <t'n tj\£.^j 

jl La^ • 4_u_o^j-Lfljl (^j JUdl (j-o pl^aj 2l ^j^* 1 ??-iLlj )<_o CjL^jLIu-o L^j (_^dj-LI 

JU>. (J5-IJ 3 ' * **' " tJ'-^- > '^'' O^ * ' (j^ L>^J^ ^J"V^ C^i ^^-^ (j-"' * )l 1 1 ujI 

till j (J^-J ^ \l .V.1 1 ;>! 1 11-v^l (jj^Suj 5^.1 iaH aLkJI Pjj^sjILj-jJUj LaJ^-j^u^ 
La-A^L^5-4cLLLLi 4iLilLI CjLiiaJiJIj 4_u-uj|j_LiiJI (_JjJj>JLi LlISjjla S^Ljj (_Ltib 
fyjiaj I a JLjjJI (jl^aJ t j i n^. t (_Jl (^JsJj-4_o^aJ^4_uj^S_u3 CjLc^_ua^a-o (J-t-a 2l (ji 

.^lLu«JI ^p-LJI (jji 
r-LlJl (^-3 ^Ljj-SLLil aIjlj-1 ml (jl (j^^l 111 II J-La-aJI (ji LxjIj Jl2J 
.(j_ojJI djlr La£. Jl2 Sac I LcaJI CjLuJlLIj J^^eSLII (JiLo 4Ll2jJI CjLjjLajSLII 
3j >l ■ V.aVI ^jO-LJI j a- 1 Uaa. j? La^ 4^Lc 4Jj^ij-CjLjjj£LlI.I a\ Jiiejjj/I (jSLajj 
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.(_gjl_>o (jl La ' (_ji^. LjjLa_i£ L^ajJiej jjij (j-^' *— '^jl"" 1 ^-" ?T^1 C"^ ^' a 

jlsj . jLpoJLi -i Lj «j <_ajjj< jljll llUj (Jilo 5x.I ii^-> ^3 cjLjjj£LlII jjj <j^>-lj 
(J «j 1 u 1 c^>- cjI jujij-uj-u z 1 /rL*Jl /^-3 L^-al jl^-**i ( nl jjjj^L-oJI ^J ' ^Aji (_£ *L>. 

4j*-<^a l11Lu»j . 4jjLa_p "jlcL^o (_Lo^4Ji£cjL]J^£LlII (_£jLa_<SLJI 2^ I '.^.tl j_L->-j 
jl2Jj iSteroids Ciljujjjlml <jc SjLic 3-aUJI J_o->JI *-Jlj-a jl il 5JI jmJI <j-a 
» ilj n JJU La" 1 sLxJLo 4_j£.L«Il».I *L>.L>. ^1 L-iLaJI (^ CjLijj£LlII 4^tSl£Lo dol 
<>j_& 3_cl_L^a uj& i2jLjjj_SL<_II Jig. I in* (jl (jLSLoVI ^yfl (JiJj i<LoL«JI J.C-.JI 

(jl J " " c I J al » La II j_4 (jl 1 11 iVI 4_JI T'Lbej (_£jLi-0 iLa_iL> J-2x.l (jl 

Synthetic ^uLiAjeTJI «Ll*jSL!I (_L-vj (jl Jj-a rjLi- Sjljjlc Ljj>9 J Laj • ■■ ->I»U1I 

aljia-'iiiiLj j^aie~JI i"«ljli<- jl "iLa-tuixll JjJLsbjJI 4^.lii^i (jl t_uj Vj . chemistry 

( _ ;r l!l diLjij'Cjull ^ 1 nj^j-ll 4_l«-&VI (j^Jj , J ."". , ,.l I ^£1 jjU"" , ,, cjl_ijj£LJil 

DJut (jJI Ljj-<il J^J (> I * Laa I j'j*; L^JjLu ^jJt (jL^ijVI L$j LiJjj (jl (jSL*j 
(JlLa Cjljjj^LlII (j-a 2 J t^ajfcjq (ju lILo t(j_u_«L>JI ^J ' ^ ATI aL*j>. (_3 sul i nil 

■ ■ I La * j i_dJji£ j-&j 'J-" - ^! cr^ l^-*^"- (jj^j * t-Sjj-u chlorella ^LjjjJSDI 
3-ijLj 26 <L>.I , ,1 a ^s <lcljjJI jj|) "ujjl"~itl <LcljjJI (jjs j_uSLi JJSl <L>.I , , a 
I jl jlj-3l <l "' i " jl <l ni<v (j-a 4_LjL«J 4_jjjjjj_ill CjL>-LlL>.VI ^j j~ 4jljj_o 
(jl (j-LaJI <■ i If I J . (pj i'oj-II (_y^ Ijl-i-*- <LoLtS/j"i "VI t_jjLr=IiJI /tLjJI LiJLs.1 
(_S^j_u jc3 (j-«J t(j^l »"i i n i (_3^j_o (JLLlLI (j_a [C^ j"i\ ill sk\ • LaJlj tAUtLajl 5j-ujj>. 
CjLVjJI ^ LljJL^ (j-Lci J-3j ,3_jjJLaj J^>U S^JL^a c-jLjLojJI (J^Lijcj 
(j^oj) A^aill CjLaiitA ( _ ;r L. mushroom j LaAll pljj"iinV 2jUr (j£, SjLajII 
jijLiJJj .(L^j w "lj SibjljJI ?nJI mil (^3 oLiL>J.I f-LijI 4j!>Ij (jl 7c-UaljJI 
4c I '{ i <aj 'l-oj-S (jSLajj 3_oj^UI CjLLujj^JIj '"'I L^oLLuiJI J^ cLiij ija^till^ aIj^ 

d A 1 ,,.":, ,.V|j ^ «l^tl d tl ,,. rt ^jl j ,^U-d IS 1, 1 A. ^j'«^-d ^ • La ' d ' rt J ^ JJ ' q ^ 

SjjJLLI 3^j«IaVl rLiJl (j-a lJJ^ ^ .liistill (jjo fjill I Juk ^ SjUII 3jjLa 

4 o»UVI 4j^2jj ^l^l Jd^ 1 -*^ 3j^° o' ^IjJIj .(JjjLJJI jljjjjjl/l CjjIjI uJb I jl 

(jl (j5-A «Lj_"_j_"_>J 1 A Is Mill !."<"*■ i i^->l 0_tJt_) (jVI ai i "**''! (j_a ljL>. C i » 1 1 J^ 

«Qj-aSj a I * La 1 1 p^j (j^ i n -*o (Jj 1 1 ii (_3 ^J " *"" CjLJl£La^( I i>J_A a! JL^-**i i nl (j o ' eaj 

.(^yxiaLlI (_y3 Ij-JjS CjJUs. Lai (jjLljJI (_)2i£. Jjj i ii ( _ ;r 3 V 
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2 j-al_3 Cjlj^aiajJl 0JL& x-a f, mi a" i /S^>- Ld^l CjI.}Lc j-j-Ju i_3&j-u Lul Lai 
a I * Lag (—a^a-jJI f, a La-la (j_a 'sj^ ^H-* 3 -*^ ' *Lt-a^L>. O-iLS JLol . A-±2 ^yjuLi 
^—Jj-Ll *_a jUa3 2 I SjLlLa /jji^. L»_aaj 3jsaj>.j-a O-llS . I nir^ CLu£ J_La ^JjLiLC 
(JjLIj ijLS JLJSj .4-j^ j I -^jVI CjMjLkJI (j-U^M-a (_ji^. Ij-A J ' ua £j • Likjsejj 

jj-^-ajJLllj jj^fJLu-" _k_I^. SiLii S^Lc LaLc jjO^j iJ^ "Lh!- -^" 3 i^^L>. 

.(jjj-iiojtjl (jjJLll 4_]1 JU JU£. JL>. I L#j * o i ii i /qj LaS tAULJaJt jj»a 4_t-aL>. ^jl^aJLj 
d j j ■"■ d i -*. j Laa_i (j J SLj mi ^jLLlII jj>» j^ i o it' J ^Ljj^aiSJl j lUa3 ^jl i * I mi z a 
7rlj-a 4a£ -^j-«J j_ajdl (j-a cj^*- (jLuiJ Jil (_^Lc (j^Lj jl9j : (jLcajVI I g^ic Jj-Sj 
Oj»IiJ I j i jll>JI JluJJI <j-a faJ jj»j Chateau latour jjjVajLi <_>,aJL>JI cLil^j-ti. 

Ijjj (j_jjJI 3_jj_jj_jJI *L3^L<-ui CjIjLc ,j-o i_ia.«j j<sj . 1937 cLcljJI J usk) 

jj Laj j<utl psychomimetic 2 j ■■■ axil ^pslj-a^/l j-LsLii^. jj j^ o^ ^ajjj 

antri-t_iLu^VI .-.I \l .v.«j tranquilizers CjLjjl^J.1 w * jj^ ''-^ 0J-&J 4JxSj 
3Jjlj_a ^ Sjjj ojJl»-I ^^lll hallucinogenic IL-u^lgJI jj^l S<-j .depressants 

j i j j I i -■« a j .>«•»■* 1 1 «_aH>J,l ^^ (jlS i nil oJj jjl Jj^ jL9j w i nAllI i_.iLa.il 

(4) 
l^gj i ii tl Mj J-l CjJL^jJLI j-j JlSj /jji^. JuiUju Cjlj-LAjtHJl 0JL& JlLa ^jl . * iLt-sajuu 

' (^ i ■■^'t jUii La 'J-iLi 3-Aj) * " t^ajtll 1 -n J o ujJ ^jl ^J^S 4_]1j-o* ' " * ' a J ' ^" /^-^ 

jj_a l_j-3Li IjJ-S tjl i ii tVI 3L;0~ )«-Lj3 LIL>.j . I ' in 1 i '— a CjIj-iojuJI iJJL^J (j^LIj 

/^ ^^ 5 La ' rt z J ^* rt (J^a-t^fc_a cbl eilj JLi ^Jlj i nil I JLA j-jjGj ^jl «u ?uli «L>.1jJ1 

4jLo~ doljijl I a K I«jj-u jljj-^ ^jLiLajj-uVI liilj (jlj i 4j Li Lajj^i I (j-a JUJLkJI 

SjjIjjJI (jLi dllj nj^^^-^lj OJr** ^-^^j) ^^"JJ '- i '-^"lj l^j^*" '^!- >^' 

^j^-uajjuj ^JLLalj *l JUlo 2] (^\j>*^La]lj ^j q j II jj-a ^j^olitj jjjjJI jJLdlj £^Lj_JI 
V L^jt j a3l LaJlj 3jUI,„~tl jLCaVlj (jiaJlj c-jl LajjJ Sljl mil aJI^ (^ic: 
jlj^l ^j-tb Vj i3jUJL>- '"'l.'lj «3 <V.VI ojut (~, i njtj ((<i^jLo~ 4ijjJa (j-a j ^laj 
(jLi JL^j iLJ^j_3 4_j_aa_iJI 3l_j_>JI (j-a Uj^>- i.'ilh JLa£ i4jjJL>JI oj I Ltajcli 
i_3jjil!l jj* (j^ ii ii II (j^j 4 j i >i 1X1 4ljiaJI 'j a « 1 1 (^ CjJU>. (_g J-II (J-ujjjJI aJl^jJI 
J_Lc r-jlj_>JI JLj>.| pj i>ij-a ^ I f ^1 i ii 'iVI i < I x LtaJ Jl^j . I J~^N CJ I gak: 
Lysergic dJLtjvjLuJJI j,'~ ■^^ • ~ 1 1 2li ui a ujjjcj j*\ i .m i h'*j-3 (jLu/ (^ x_«IL>J,l 



250 



ijinlmnll xgS Cj\j$j*> ;oII 

4-2j^laJ 4_iSLIj i^^JLl^Jlj jj i n-»JI 4ilj.il (j-a JLxjItJ (^i ,33-^' (jr^ pLu Cr-^' 
(jj . 4-j-£j j 1 11 II /j-Ii (,C> 1 11 it 1 ^j 11 i-»J1 vLa-Lgaj ^jjl /J-u 1 nil ^—11 j j mi 1 4_aLc 
4 1 11 *\ » i U (JLk-sVI (j_a Cjlj_j_a (<i^jjjj QJ "i-taJ-4-iiajjl 4_o~LJI (j-a-jjjjLiJI 
SjjjiUlj f j_i!lj (jljjjiJ^ <Luio^jJI (jjs 2tjl Laj a 3_Lajl (j_a La^Li^. reflexes 
(Jl a La VI w 1 c 5a-m_2 llj 2-jj_i^a_L«JI Cjlj_&LLa_llj i_sj|j_>JI ^1 (<i^j ( r < fl~ ) I 
^ ^LujVI dJjjU jLSj .(_Jjj>.^(I j^juZJl «_laj>-j ( _ ;r ijjJI (jjj^Jlj 4xjj_>JIj 
TTjLi- J-Laj 3_aLc <LA^3J I j IS. Ij iCjLjLxjjj/VI i>JUt s\_jJLLa_La 2 SjjLc <3-Laj»J 
(JljjuVI (j^ (jLuuVI (j£Lx-i j-j^La^. 3-IjLli^iII /tj-u 3j_a JjVj .4jJj^JI 4jj Laj 1 ■■ 
j ^gl ^«tl ^jufc j^«i ^j| . I J^'^ 5i Laj 1 uJl ^-j^-j I gj£ J „ ^"' ' I raJ 4_aj ifr (jx. 

CjLlLu(JI (Jj«Jj i"«Ijj t-»Atl £yz a T. ,". ^ Ltj LllC. Ll (^JJ^LlO (Jj^SI L$J (J^VI (ji^- 

La_L£ j_j-3L2_«JI (j_a 2 tj , ^ 1 1 c-IjjVI 3_c|_Li^ij J . ajj i_3jjj/ Ajs-^J^uj^SLlLI 
^j" 1 11 a ■ La 1 iul ( _ ;r 3-4jJL^Jkl j_i«LitJI Oj>-ljl JL9J . LflL»CJ I fljjSjilJ I i j 1 * Ujjjl 

-41JI L^J j»jij-I V «L2jiJI (j^s »l jf I (j-* 1 ^ ^i ' (jjjLlII (jjs jj^^-''' J-*^ (j^ 

(j_a L^al Jj>" 1 11I 3^L_ul J-JJtJ jl^aJJ 0JL& (JlLa (jJsaLtjj ^jl ^jLuuj VI pi Laj 1 ■■' I jlj 
Cj Li^j-SLJL 1 '"-ij 1 uV (jjl i4Sjl i nj ^—cLalo^VI 4_»_Uaj l£J**' i ii a ^ i h-sj <J^>-I 

.4-uLuujVI (JI^>.VI iJ l^ L-al i n"ia LoL^jjiI 

o I <Lj •"■ a aI jS-" i .ii (jAj-jJ I 7"j-j^I jI -Jl m" 1 11VI 3«Lj/I (jj.5 : oia ji2J 
■- j • aaj (jl j-LaAllj .4jjL«jSLII i—ijjJI (^ 4jfl 1 .ii Lysergic liLo-jiLiill ^^ 1^ 

(_Sj_*_oj .* ij_>J1 /- 1 c «LIL>. jj^L^-i V CL*_ijtj g la La )V| a ^j'-^l .^ 1 v 1 ^j.^ jjudl 

(]^o 1 " ' I "all ■'■■ " t;r aj-((j»^L<jJI j_i«Lfl£.)) /tlJ3 L«^ iiilli ^^ «Laijj/2l aJJb 7^*-u 
Jlo ^1 .t_jj^»JI (^Jl 4Jjs a^ 1 nil (jJI (Jj-oI JJjJI Jajo (jIlJI-^jJ^II j^l Sttl 
3JL>JI ^ i"i -e-j (jLuujVI (j^-!j .^LuLuujI t_ij_>JI (Jj>-><-i <_3jjj/ 4itL_u2l i>JUt 
(j j LLca-d-i ^j^ * ul J-JLJJ .5^Jl i>J_A jc^i^ilLal JU£. jjjj-t-salllLI ^JJ 4_iiajtjl 
t_jj^>. ^^ 3jlj_UaJI JLjJlJu Lijij^Llo jl i4-L-jlaj| cLajjill 4jj jdl (JjLiill jjj-l£. 
(jLS /, ^aJ-tJI a jJllj 1 ^jl ^—Jl cLa^ j j Mil l-a-ilj i ulj ^jul i."i i nJa . 4_ij>^j^_u 

. J I at~n 11 VI SsL-uV 3 '<ij^. Lajlj 

^1 i,Vi^l ^ 5j^L«JI (_Jl^>JI (^Jl j-^-j-J LVq^c^ 1 LuLx djLt^jllI ^iJjii ilj 

7-jljJl] (j^^^H-'-t I (j-° J ^-^J (-rJLj c^^^^H-i-l-t 4lLt!ll1 Ljj_uS_JI (jl .c_*£^a£jl I JLA 
1 ijL-^-i V I J_Aj i«L)j-Hjl jj-a jl"i\ it (JS (—Jl Jiaj ^-IjLaj ^i-Laj ^ nm^ ^T^ 
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.«U£.l_Lua]1 dil i-ua^Ji ,1 (j^£- 4j1 Jlc ,-J3 jjVI f«JL«J1 (j_uJL<_u JL^Iuljj *(*3^' 4jL^LM 
(—11 J-CJ-J lJL>> SjIxSJI jj-a 4_l9 (JISLujj! f-Lu (^^tJ- 3 Lajjj £)] ^jL-ujVI * J^**' ' " jj 
^j-\-^-I I 4_u_u J^t_i ^—b Cj 1 u <a >■ 1, 1 (J-Sj JJcJ (^jl»_J 1 ^jj^-tTuJ 1 Cj lj L£La I j_p <Lo- ^3 
(>J_& a 1 JLje-Lm 1 ^_jL1j (j-«J • L^-J-Lg OjlILsI /^lh tUlg ' i^3»3f| ,j-^* I Ullu-">. 
^—b (j-a5 Llu ^j*^^ Jj-*-" ' Jr^- L^J"^ ' ^^ ' L - L ^' J^ -3 "-^ L) ' tiL £ £ - * Lca ' *—■ ' ' ' ^ "** L ' 

jQ_l (Q_J . <_lJLjj»J3 1 Jj^ Ml tj? _5 L^JSj-Cl (^jJl SjLO^jJI ^liiLa^l OuL£j iCll M**l I rill 

■ i ' 3 Ilj 5_j_jjJLI1 LjjijjIj LJIjUj-uI ^ 1965 aLc j-^-T ^^ ^^aJLJI L_al uu£l 

L-3LujjSt /q_i Le& . L^j-tluj 4_jJajj»3l <-_ij-Cj 4_jjj_L>J1j 4-JLa-t.uJl 1£Ljj-aIj ^j^Lu-uj 

^^ 3j_uLiJ1 ^-jj^i-II o_jL£j *l£>^^ (JIsLLo ijr B (jjjLstlllj oJLjjSLII ^ja ^j^a^Jul 

0_>»JJ 4-j-jlj-Tt-t-u z 1 JjJaL-dJ /yfl «UjJlI1 (jl .Cj1j_u_u J_La 4^^j-«-a dLflj uflJul 

5_ujul11 j-t-aLuJI ^^ 3j-l^ laterites ojjj^UI 4jj3 *w-uLj 4j3jjjl11j 4-ulyi . ..VI 

^L^Ll^I (^£ J_tfu_i_J I (J_U_L>J1 /q-Lk-Tlj (p^-^* ' ^ '' |{ " '" 4— L-L>J,1 d_]jlj1 C-<_j£jJ /_ii 

t _ ? _3 cLuaLJt-ij CjLjjI_<j_lSLJLi ^^ jI 5 * 1 1 £j_A r"^i-C ^LSLal ^j-a •qjLjJLij 
• 1 c LflJ J jl_>ijl g* j a j S L- 3>-*-i tjl >-j-ui-u 1 (j-* Q - "^ d a JLaxll CliL«_4li->i-Ll 
«LiLa_Lo ^LILo 4-uI^Tli-u z 1 0->iJ JjlsLLti c^& 1 <1 A , ,.tl ^j| .« - qj>.1 /qJL*J1 ^jljlula 

1j-j_o w atu '^-J-^J ^S^iJ dull (jlj i tjr jL_uj2l a I « La 1 1 ^-jp^Lj (jja Ljj-Sj 
(^JaLLLl i>JLA (_p-a (Jjt_>J ^ <>>"*■ t t | 4-jJVI (J_jL_ujJ1 q\ LiS . (j-u^a-tTuJ 1 4-t-tTut jj-* 
j 3 la J (j! 1j-j_o 7^>-J JflJ ^Jjl fllLJl ^1 ^.Ju V 4jjLi_jSLJ1 jJij-LaJLj «L?di_La 

CjLijj^LlLI (Q-^ ^J3 (j-*^ ^- 4 - 1 ! '4-^5^-!' I^-A ^Lt-alLal ^J3 «LqJL2j ^jl 4-La-jjjalJl 
^J^ajje-Lll ijr J3 ' uzk jj-C L^-a1jir-**K u| ^1 AjaLua^Li L&lLc 3jia_u_aJ1j 2Lclj^JI tjr J3 
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(j-c IJii i a i c_j-S^5-SLJ I I j_a £j\-^- j '** * ' j I i" j i 'I i Lojj (_j-3 3j *" ' " ' Ijj^-s 

"? -I .^Atl j .*<- ^ CjL_j__4LJJ 

f.\ L*a_al I ^1 (jl i uJVI i_utJLj (jLa . jj-flJI (jlr j ^ taj CjIjL_ux.VI jUs-l (jl 

pl^JI i. i j uiJOj^-uj (jl inWI l*i ^ jl jjt^tl i .lAI'a ,,<\V\ .-,.U", ,„l |*jj (jl-oj 
4Jjl jGj g./^ mi Lula . (j_u»ol_>Jl /J ' eaAJI (_*3 Lulj L<iS i4_] J_i**jl £^_<_u (j_« d L*a rt ' c 

.cjLjjj-S_j_IL) cj^_L« ^#3 (_£^_»_>JI (_s^L*ul (j_« r'jj^j s-i-juj Lul ^Jj (jL-uj V 1 

(jJj-aVI (^L*** L#l£ 4__SLjj_a2lj 4_uj/j|jJI ?l <*-»*'! CjVISj i.'ilh i. i J i nil I J-^Jj 
<LiSl ■ *-»*» 4_i£j_o (jSLI . i_j£jSLII I JUt y>. 7TjL>- I j ** I Laj (_jJ.II CjI JLni! pj**»*i ^fl 

(jlS (J-A» ■ (JJI I U*JJ| 7T 4J f"> I J i«Oj)L>. (_*3 Sj-AjJI c_t£<p Lz-^ ' ** ' q "*" ' L)' 3-' ' " 

j i aJI (jl ^J SLjiLL L^JI . (juj^-^J^^j^'^j'alt !M-cLi ^ i i~i S ^Lol^ I j ij***" 

j0_i^_*2j ajj (jj (_u-3 4_j_l*3j*21 Cj Li j^Lu. Lj 4j^la CjjL-a LLo <3_ljjJ"jI t lil^SJlj 

3 j r^jVl oLj^jSLlL! jLj i-dlj .tiJLJjt 3JSISLII "L^^-uJ! JI^-SlJ 7^*-i^> 

(J-^al**( I n" L_3^j_u WJjl (_L>J1 (j-«J * 4_4_lL*Lll 4_JJ>-^J^_Ljjl L_3j)jJaj1 7r I nA" l_£^j_u 
(—3 1 i ii**Su y gin 1 jj-flj »l L*a^JI _^j -^ i till A J_*3*b (jl <_u^ i_LILlA «b3_lL*"j1 CjLblSjl 
CjLijjJSLj_L! (jl (^l I J_il (jl i niVl ^j 5 i Laj (jj jjj_c£.j . l_Li£j£ /Tj^ S^rP^' 
j) Sj^AJJ] CjLtSj-a Of] (JJ*^i (--jLtiaAJI j yl' »_a C^la-cA (jAJ <J l_AJL>-J (-j**Ji 
SjljLxjl fil LcaAII _3 ' 0*~ * (jl 3-A : JL>*1j £(- mi (j-a (_jr\_*L (^1^. Lu L) tiUj) 47t_JjJvl 

JLJSj • c ^^>- 5-jj j'i'C j II (<ijjIj^>JI «Laj aLoI LSjLc i." i i imI «I^JI (j-a «LlIL>JI 

(«_ljIj_>JI (j-SLIj i(__;jj-j V (j^e_La i^vLjLs - 1 <*-».*> 1 1 ^j ^^ ^^a pi < ."iVI (JjSLj 
"Lo. Ji-j*) (jl L^ilc ,3 mm ,jJ "LoLiiiJI 5_^_)J.I l^>Lc Ji-lj) "LjiUJI "L^-uSLJI 

(__ T _UI (^j^il (j^^*>- i n"i II 4_L>.j_o jl_L>«j (jl 4laj_)_«i t_i£ljSL!l (_jrU 4L>.j sLjjl 

.(_paj2l ^j>- L_3jJ_*m (jjj-tjtj LoJUX. Jl)J_>ij 
3l_j_>J1 51 i ii 1 J_La ' " i ' La (_^aj2l (JJ^J (jl (y^ 4_iL*lU (_J_u_l*3 (JLi*L>. zl (jl 
dji'r^j^l 4_uj)L>JI (JLajs (jl . Ljj_uSLJI (0J*^>- JiLo ( __ r 3 CjLolS - I L*aAll (^ j_uj 
4jbS (jjs CjI flj i ii-v (jSLcJJ (jl (__ r i3 5J I i **> II jt_ll_l (JLtis.'zl (__U^*J J^>- (j;l\ uJj^ 
CjIj—ljL* (_*L>.j . «Lj_)'iL>JI (JL^t_a (j_a Cj^LbVI «Lcj-*_o (_*5_l*L>»j (j_a uj j"iS ill 
(j-a Ij_j_lS (j i n-»o 21 4_ulSj_jjl CjljL»_ij 2ilj «Lcj-i_aJl 3 JUJuiu 4j^_>JI 7-LjjJI 
-(j-Gj-a jl 3j-a Lo^>- Lj^**iS ill (j_« (J^l (--Aj-Cj L_oJj-LiJ 1 Lai . (Jl_a_L>. zl I JLA 
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i Lj^ j**(N i 11 (j-o Lc^_] ) inil 3) a ' *-* 1 Cj^LS 2l «Lcj— <_u * Lu (jl x-ilalLt-uj (_3 
jjj-j-i^ ^JJLj JU (_, <i 1 11" (_^-II 3 ^J a Ul ^iH-^"-^ ' . "»l jljAutl jj| till jtS (_p3^^iLlj 
2j?j?->. 4_o~ 3^La (jl jtj>.jj,l <j-a o-";!^ <-^'± f-°J • * ' ' - *J-^ Bdellovibrio 
.cLjjJaLLI 4ijlaJI olj i i nil ( _ ;r 3 r I LgaAl I CjLi£j_o ( _ ;r 3 VI (_p=>j2l (j-o O-ij-A JL3 

J_LC j ^ U"-l . Xlj< II ^^ 4-L>-jL>. LjJVjJ^U 4j| J Ml 1 (j! (jSLxJ lil!!} (jyi^-J 

3j£La L#jl jtjvjVlj . 3ji>ijVI SLpJI (j£. 3l<i" maCi! uij . ia- r l , ^Atl i_al i tTi^l 
(j_u_u_u_)L_u jj-oLu-uLi j^jjIj^ej (_^j_*2uj-« jv" ■- La i ■■ (ju «U_jL^j1 i, f I u <3_iLaL>. 

.(j-Ls-jLU «LiLii! 3jI jl>. jJljj 3j£Li!l oJL£ jlj Bacillus subtilis 

L&Js^>.j Ji"'*- ' (Jul CjLLiLSJI 4_j_Ai_a £j£. 1 m mi J^j-J (jl » .J gaj i ■■ 1 (J_& 
tj< J '< J a (j-Lja^itJ jl LLuiiej J^Jj (jl (jL^uVI 2 <* I U" . ..I ^^3 S (_p=>j2l TTjLi- 

2Js}L«JI ^ »; LgJ (_P=jVl rjLi- 3L_>^»JI ^L Lulm lil idilj 2.3^0 ^1^ 

^j a j '" L^Jlj (j^jj£L!l Cjl_ujj>. (ji^. «LajLS L#j| dllju (^yi^ij idu'^jzl SLpJLi 
^ J j i ui S^Lo J^Li. (j-a Ltjlj tj~ i ill (j i i eaj L^jlj i«LLI ( _ ;r 3 LgjLo* CjLlLulj 
(j ii n i"i tl (j-C Sj j » j II Cj LjSLj^SLI I j t_i£ljSL!l (jl <j-L»iej Jjlj .j Jr SjLaj 
(Jj"* - **' i ii ) <3 (J~*J * ' feu C (JjL-ojI ^LLI Ju^j>*^ u.! "*"**' i ii 1 O-i^tJ i3^ijj-jjl SjuJutL 
w I c 3jlj_>JI juj-iii 'j I La c t_<£j£ (jl (^liJI (j^iitlllj . LijLo* i u ^ < I g-u£ 

CjLJLlJI Li I .l-w liil j^ JJLUJ .JLS-VI I_JL>JI (jlr S^JjjJI JUJLli/J 4 T LijL>- JUs-l 

CjLo^l»_a (^-Aj i3jlj->JI JUJLilo 3j-AjJI c_iS^S (jl 4_uLtia_i]l CjLoj-LI jj>- I (j-a 
U 3C i ii II (j_o 9;: I La CJ i (jj-lj-SL! I J J i nS I ( JT JL S U (_^-i^- <>>>• O^ (J^ 8 ^^ '*-^ E - 
< " «jj LaJ J^ (J3^J (jl (j^*-4-i (-r^"' ^JJI^A^LjI CjLjj^S j tall «Lu_uLLa g| ij u (-jxjj 
-4_LaIjJ| 1— i-jLa^ I ♦ <i 1-LuJJ (j_u_jJJ . LuLal q**( itil J-JJJ (-H^l CjLLjIS (_II (jVI 
.CjLLjISJj j^^*- 1 ' ; u-<i^t_a (jN i n a iLa-A^ TtjjJLIj j o djl t^ 4 -*-" 
(JLjIo* zl (jl !il (j^\ i ii a c-iS^S m^I 3^ ClJ Lj^j^LjJL I JL?- it ii Lul (J-ftH^m (j-oj 
lill ji ^J-»J (JLalljv'zl (jl Lo i^Luji^SLlo ilL>.j_a (jj^ «Lo.2l Sl_Juj ( _ ;r 3 Jljjlj 
m^j>- l_3^Lc j-J-i-J l_3l>. p i n^. j i 5J1 a . L^jI i ii i JUu CjLjJ)j£LlLI (Jl ugajlu ■■' (_3 
«L>.j (j-Lj j j jS (_gjlj_>JI <_3^LlL>.VIj .LiljLuJI a I ' La .^-y d •»■ U , „ j^pajjuj 
lilj . rft-LLaJl I w a I >JI 4_^jvjj "'j— ' lS^'J (J " " '"'^ £ I-«-«j'^' o^J^' J 1 ^ 
3iuj» ^Ir « La i -II O-so 3_tjLa L4JI (J*IL>J,I (j-«i lLILL* 3JjI i ntl oLlLI CjJL>-j 
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lj\3f.jjHul\h isLo-^jJ^-lJI j_i^LulLJ (.gjj-i (Jj- 30 C"^~lJ-9 (Jj^aA!! ^ 1_LjTj Lei 
4JjHjt_a Ljj-uSL] j^jusuj ^jl » .J gaj i ■■ 1 Lib liilj . L^jIjj.} (_a jj a uiAJl a ^j^^Sjlj 
jj-a y t mi a (J^_La=_« (_a j o 5 II 7c La i ■■ Ooo tj"'J*\g 7tUL1 J-^^tlu Cj Lu^ i\ U 
(j^jjilil j J ■■^" (^Jl r too LgJLa Magnesium chloride ^llo ijnulUI Jjj>^ 

Cji j I <i * >1 ty-& L_a jl t Q3-JJ ^ ' ' ^Jj-^ JJ ' gaj ) ^jt j-u-ojul jj-a (lA-^ * d 1 *"i i uJ 

^j^-lJ-SJl J J I nSt /j-JLJ JLjJLJ (_i (jL_uJ 2 I I *-JJ ' eaj 1 (jl j^A- 4 - 1 C^ ^^HJL^r!"^ 

( _ ;r a l_LJI-jjL>. S JjjLaiJ «LuIjj& V 5 J 1 .I 1 ?! <Lu a-C (J_jSjJ * 2jj ita^: Sjjj^a ^1 
(jSLIj i*.aLj y-Luxi 11I ^1 (Jjj^^U j 1 all «Lui-p (jx. Jjj-U 4£jjuz ^l *L>.L>. 
j_(La=_] ^l I * j I « a j a-S-l I ^J- 3 ^^H*^' (l^ L"*J 'M '.ptjualj ^j^l i_3jl#JI 
3_jjJLi!l 'Luli 4j>. j \n\\ 4 i-r a (jj^ Cr^' 4jjIjj*^UI CjLjjj£LlLI (jx. ^j"."Aij 

.halophilic chemotrophic 4jjLijSLII 

4J( I (0-C.JJ • L(jLiTe£ gjjlr 3l_o- -i^J-J jj-3 J-a^?l (^1 (.^-C-ii S-^i^ ^i^'j 
Lujja ^IjL-u (J-taj iUjJj sLo 4_l3 (ji jJjj jJLa i_Jl_i JL>. ^1 j-sJI (jjJ^J -Aj^ 1 
21 «Gl_j^j-S_j_a C)J) " L)' (*J"^9 * *^-^i>~ 4jLmJI t. Mr I <j£ ?c_jj_LI 1 La j se rt (j-* 
4_j_>J,l CjLjjj^LJLLS .tiJI—Lfli (j7h<~ JL3 SjLJlXC sLuJaji LcIjjI j^SLlj 4-uIjj* 
L=e_Lo oj^-d JL ^ fUl o' '-^ * J J>^' J'*-*-" J^ J if. psychrophiles S^j^ Al 

i(j 11 <t i"ill ibtji/l I -jl . -~t,'a ■» u , ,,tl jjlfi. j'nt" ^1 (jSLxj L^JiSjj 4j>-j1LI 4_u>J,I 

i_4jjj . d la a • rt /- ifl^Jajl ^JjIuiIIjI /^i^. 4_<j_jLaJl ^j^jjSJI 3jj J 03^ tii-J J ^-1^-j 

o-jj j-SLiJ 3J^L>J,I Ljj_uSLJI ^-Sjj-i j^j i^Luljjt^UI jljjl>JI Ljj_uSLj cjLJuj 

lj_fl> (_, I C *» j S « a VLsc-a dJl—Lfli ^1 JJLjjj 1 JLujjjSLi! J 1 n^j-U Ljj-uSLJIj 

4jJJi1!Ij ichemotrophy SjjLijSL!! 4jjI jdl 4jJl«1II ,jjj Sjujlc Ja^Li.^ t_^jSLII 

.phototrophy ^j-iiaJI JjfLalJI (jj^ia ,2>c. 
L«^-7c_jjJi. I (j-Lc 2 j I 1 a a 3-j-JjJ CjIj_l«j u\c olj JjJj VI dJLLai u .nlj 
^Jj . 4_j_Uaj 2I 4_jjLt_(jl 3Lj_>Jlj ^ g-u ■"■ SLo-. £j£- £j J m-»1j^j1 ^j-* _J-±^ t — ^J^*- 5 
. LdLx-i 3_ul*_4 4_uJ)j£Lla ^Lu-u CjLulSjI ^JLO) - La '"j" 1 - a 4jjJa_ij1 JJ-A i."i> <^> 
^ i*C 1 11 II (j_o 3j_o-2l (Ja-ljJ.1 (^ i-^J^ j^dj-^' O' f^lj^l (^r 3 LjSLxjs jJ-^jj 
tt uij j-><JI 5Jsj Cjjljijl LLj itiJLlfli 3j_o cjj-aojl 3Ll>JI ^1 (_gl ihabitation 

LJjG (jl LJJ_Lc 3 Ji'ojVl Ll>.jJjjjU (jl^ I jlj .OLoLSDI (Jj^l i."M?; tfLJ.1 
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a i \ i II (j) jj_ljj i^L«_>ij cjLLjLSLII i^j-Sl cjLi^^SLlII (jl j-^ f-u-^ c?^ 

(jl Li>. jJLljj .4HjI JU ( _ ;r 3 La^ jjU".tl jjjs 3j_ii. 2I (_L>.!j_U ( _ ;r 3 CjLijj£Ll«JJ 

.sLiCjJI jlJuI sGjLjj ^^ A^iUI t;T j>.^J^ : LiII ui£.jj (_gjJ! t_j£jSL!l j-& ?=-j>il 

lLLLj (JlLa d '"^' «GL)j^S_u3 *-a Cl^lN mi a (^^^^aJ^-LAJ 1 (_£JJ (j^-J L_3^j_uJ 
i_Lj ^i^-j Jj)j *" ' "~J * I uadll -iljlj d « i eaJ L^i3 <USI ''*""* 4j^j_o (jl LaS . SjLjjJI 
0JL& (jli-a /j^J • 4_jJt_j_LLaJl 4_jj>* LIJl jj-« 2[J)j_*»a Lt_aIi^s-« QftJU < " ?tjjjj (_Jl LaLc 

illni-w (_j_fl CjLljLSLII «_Lt> (j I r S^lj mil (^Jl CjLjJj^LjII <j-a pl^j^/l JlS-I 

" J- ' ^ a jll 7* j ' ^ ; (j I (j^ ' 1 j '<~>j-^ » jjij^LlLI (jl£ (j I Jj-ajl IlilJs . (jLj^ij 2I 

oJLA Jla u£ Jljj-II ^tj 4jjLl!I oLij|j£LlU (JJJ-C Ju^ <tcLill 4^2 l<1!Jl£ 
' d-LL>J pjlj—4-i ' lol 0-t ->* * 1 (--Jl r* ' Lga-aJI "Jj j La_Lgaj (jl j^ejj . (Jl^>.2l 
L#j pa inii'il «l JLC.I ^1 (j^a-Llaj i_3jjj/J . L4J ^^"l-^j Ij«lXj (^ylll CjLjjj£Ll1.I 

«uljlj ukuLtJlj (J^^II (j-° (j-ajselUl (_£l : Cj Li Lai] 1 ^ya ^y^ls^IuLi (_£l3ej «L*jLi 
fj^juj I 7"j-J^I J^J . tjua- 1 uSal J-Jojj j_jJ3J_JI ?ljjt ( _ ;r 3 (j^jj£L!l Ju i nSl (^Li 
Ci LcLa-tJ I aJJt (jlr 5jml 1 nil ^^ t-LujVI <tjLc. (^1 _4£. JU Lujj^Lus I a Uaj 
g I ^ j S. 1 1 JlIjJJ f.\ L^aAII 4_tij-a L^^ ^ - ' " ° '"' ^^r-** O- * '- a '-4- 1 *J^* A JJLuj 
(Jj^JLj dJJ j ( -J -Lcj • »l a 1 1 (j-ij (j S, 1 1 J j I x " 1 1 (^ L^ol oitlijil (jSLaj (^J-II 

jjLj_a Ljj— lISLi cii\ j '(' 1 J (jl°i (jLojuJtjj^ij (jl JdJI t j^ : *-jij-^^'' w 3 0^? '■" t* I 
chemotrophs 5jjl_LajSL!l 4jJJil!l 4j3li (_^-Aj iHydrogenomonas ,jjLJj^1o.j 

dlljuj (j^>.j|jJLj2lj < j^*- tu ^^' I <j-° 4 ^' JlIjj LLu nJ3-lj£LII JLj 1 ii^l (jrJ^J O-jIlJ 

(jSLI .SjL^III ^ >Lai! jl J-&I (jjj jjJI ,j-a (j^jjiDI jjin^l (^Jli 5Jljl (jSUj 

i>J_jt (J^-ajI (—5 LLjj^ajI y 1 i"i"( ( nj (j^-^-^)—"-^ IjJ-t-a-a < ' 1 iaul Ljj-uS_JI i>J_A 
CjLjjj^LlII (jLjuVI pjjj (jl (jSLa-i dJJi (jyi^-J • I Jp- ^ jjl^> Sjij 1 aj 4j>.L>JI 
Sj^LiJI t_!jJ_LI »l Lta-flJI JjIj 1 aJtj jjj .(j^Jj^LII JLi i uSl (_^JljJ J>^' u^ c 
A,xjr~ 1 11" (jl I <>»jl (jl£LoVI (_^-3j • LtaLJ LlJLujjj slJLc. sLlJu^I eJJti ■» j 1 aj 
aljJa tl rLlJlj (>tj- in^Vl JLjJjj w ' a -' fJLseJaJI (Jjj (^jtj-chlorll ^Ujj^KJI 
(j_a (j^ajsglJI (_ll (_$-55-J i-LuljlJI j-a^tJ (jl Lai . *L>-LLa jnq ilill d ♦ u*l (jl CU_o^ 
i>J_A (jS (*^J .(JLLujJj 5 J i uNJJLI Ljj j**iS 1 1 1 4J^4Jt_a-i a I * La 1 1 ^lIIjj iCj^LtianjI 



256 



ijinlmnll xgS Cj\j$j*> ;oII 

j—SLluJj JUJUp (j_« (J_j_>»j21 (_J3 JljJ La <Lu^^ *jj ' *"* ' 3 ^ ""**' ' L " ^3-*-" J^-* 3 ^" ' 

Loj_«^ J-p-" i „j (jl ^A?i9 . (27 <J 18 ^Ut^sV! (j-iliJ! cdjll! j-1^) 

» I Lta-flJ I Cj^>L>.j ^jJs jlj|j_II *_a (j^AjcJLl I CjL>-Lji>.lj «LUj ^ I » U 1 1 (_Ljj>. 
4*J ill 3jJ-i ^J-«J (j^ Sj j i i r-> 4_c>.jJj-Uj|^£Lus (jlj^l ^-oUai (j-o J-l 2 J . SJL^iaJI 
CjLkij£LJJ 4_l>-^JjSLjI (a^£ (lU^J Lutj . »l Lea-All -iljlj ^J a (j"'.i*J C"^' ^i9^*r!^-" 

.3jJLi 5_l«-&I li 3ji^>jVl 
Sd j i u o mj| d rt j i^ ', 1 1 r"jL>. 3Lj_>J1 (j^. 1 m mi j^ju (jl (jL-uj^l * _~ < ■• ' J-A 
<_^Ij^L!I (j-o Sjujlc i_aVl -i^^-j (j-o J-J V 4J| ) aj «_' (jjSLII al glr ^j*-*; (jl 
3L_j_>JI 51 i ii i j-jl_>Jl (j-«J i (j J=tJ '-'-O-*- i-r^ Ly-*-** ^ J uajV I SLlssJJ 4_u_uLlU 
j_£j_j La Ij_l!l£j .(_p3j^(l (j-i^- SLpJI (_L^aI (^>c LoLjjJaj Ccfi^ (jl I feic 
t_j^ljSLII ,j-a i_iJ? 5jLo ji^-j,^ H.Shapley (jJjLJu . _& jjj^jJI j_jjl2j ^j^* lII 
. (Milky Way) .(j^JJI (jjjJo-jj^tJ Luj^ca ^ 5Jjj*Lo (jj£j (jl ijSUj ^^1 
dili .Sjljjj *Jal^JI ^ jjjj c-i^l^SLII aJJt JiLo SjLTjj <-al luj£1 ^ JLaVI (jl 
n2^ ''." tl i_aV I (jj *"■ ' "" Lx-ilj "■. ' ' ""^'"i LJjj- 3 <jj *"' ' "" * *— '-^'"j cr'i Tr^ 5 - 1 ^^ 
JL^VI ^.^^Ij^^JI ^L^oj^ll 6^ l^L^Ji:^^ Ijl VI ^1 

(j_a jl^_>J1 (jLS ^J (-^>* '(j^-4-a J-*' ^-^'J"^ «UaLi_u^j '"«! rtjl^'l 1 ^jufc (JIL4-1 
^H-tl t_t£lj£JI (jl F.D.Drake ilLjj^ . ^ ,i_a j^I^jJI jjJLjj) . ju>.Ij c-^^ 

-I . '--. A 1 1 jj^, JLuajVI (_^i^. 3j-iLa L^Ll«j (^j" 1 11 a (^1 SLpJI I feug Cjj^iaj 
-1 La 1 ■■j**' 1 1 (__5 Luj-jj <3_u^_ua «Lu_o lJijLj-jJljj Li_i£-Lt£, Jjljj « L^_L« 3t_^1 JU» 
4joLs (jlr SjLvVI w S Lu (_^ SjUjLc I jjj a j taj u (jl (jLcujVI (jlr (jl^ lilj 
. I sj ^ A rt aaj (_]| a^j (j_a jl^_>J1 (j_a g LLa * 1 1 J JL>* 2l ■*■ ■ ' a 1 l_3^_*_o£ 0_iJL>JI 
I ilj (..CjLLLCil «l^2 »l i nill (j^ (_j^>L>. i—kj-ua (^1 r-Loitj Lul TcUaljJI (j-oj 
dJLli J-J-«-l '"'I ajiaJLl I 0JL4 (JiLa (^ dlLlJij'CjaU oLjil J>5^>-J (j-o J-J V (jli 
j— uiaj (jli lilj .sl^jdl ixJLSHo CjLcjL^ x_a 3jjj_UaJLj (JjSLuj/ (Jl <^~VI (jLa 

Lc.j_u3j_o CjLxj^jSLJJ 3Jjj-^i' CjLoLCII ,jji Home sapiens JJal_«JI q\ uuVI 
iLijj^Llo V macrobe Lijj^Lo dili t;r L. (jj'Cjm 4JLa ALCLaVI j_uj (j^«itiLI 

.t-ibSLII I jut JLtcjj (jx. rj-^J liUju j-Aj 
-(jLcuj^l I luj (jl (jSLxja /LulLuJLi fl c!lal ifl>SLil I ^Jj^- ^] , ^.Atl IjlAjjjuj 
,2j \l , .-."aVI LLS-^J^uj^^Liil jjjiaj (Jjj Jj?" i nil (^ 4jjI/LJI LjljJiLi-olt^ Lsi 
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ijjj I i ii II j 4-3e-LaJ lj ' • La 1 1 ^J& • alidjlj iaJ-2Il!I (j-o (jljJl <-i!Lu» QJ^J' "J 

cjLkij£LlU jjj ^1 (jL^ijV I j j i"ij (j! j^jSLxjj . 4jli«JI 3_o^L«jJIj ( _ ;t £.L«_l>.'2I 

LoLLaj ^L-a- i iij (jl (jL^uVI * -tlgali i ■■_' (Jj i«l JuDI r-Lulj «LUaji!l < 3 1 I'lCi i J ^J3 

«lj_4J>JI i_JLtiaJLi \-£t£-\jj J}Li- (j-o 3j ; USt| 2LufcJ£]l SjUAVI SbliV LsitS 

1 JUt (Jii-o (jl jj^ (J-J-3 J-JSj) (j ii n i"i II Sjlj_>J Lj-ual ' aj a I (j-o Jjj-J liUJLij 
(oLj-LLi Lijjji (_jja 4-jJoljJI (j-iJaljal (jjs J-±& J"*^ er^l l-SAJ^ ^ PjLH-^' 
^^.3 Jj S sej i u-(jl ^jj CjJlkj La J^ Jjlj-Cj Ljjj^LlcII sLl2-lL>JI 4 j o itsl (jSLIj 
j_«i/L«JI J-La-HI j^a Lbtj JLSj . 3_aLj 3-2!u <>u£|l uJJ-II ljufcj i5L3jj>II aJLSj 
JJIaI t_ii_pj i L^^^_u^S_ul ^j-a «Gj JL>JI 4_ujj->JI Lo^J^_lajI Cil i ii i ' "^ 
. 4_j_ij)j»£LjJj 4j1j^JI 4_*_uljJ) jj-a £jjj iii*I1 (jjJLJI ^—3 ' aJulj Lo^j^_uJ1 ^^j-C 

SS'iMiU i_2jL«Ji.Ij . ecstacy <_jJl>JI SJLaj d uSi? ^jjJI L^j-^J^-lJI cjjL^s JlSJ 
(j" ui I 3 1 1 nil Li Ljlae-La OjIu Escherichia coli i_gVj£ I j uuj j uij! Ljj_uSLi ,j-o 
i juSQlLi L*jjJ> cjjil jls Ll>.^J^ : uj^SLlLI (jl (ji.i^.^J^lJI ^j*-*; (_£jjj • *Lo~ al 

Lis-^^ujij^LlU I < j"iiii->. (_^lll i^JiLdl Jj j j Laj lJ £ <j-*^ J .'^~ ' "^ tl>' L)JL)-P-*i9 

JjIjI (j-s j>jjL«_lSJI Lglj-i 4 j Mil (_5?j 3_4>j . LlLlII ^LoLCII Lj}L>. (j \^. 

(jX /- J J 1 1 JL9 3 jj Lga-aJI j-;^. *Lj_a_i£jl p^_ua^_a jl la lla (jjjJI CjLujljj 2I 
(_£i iii*iSl jl d S ^ a ■*- II a . <3_3j)j-*_« jj_t_i (jL£ La_i3 CjjLt-a j-t-aLudl *Lui_p 

sLlaj^ SI mi'i ^1 sLaLu^Li itransuranic aj-jJIjj-jJI j-lz. 3J^tlLI jj^sLLkJI 

2 a ' S a ^1 3_ja-L^jJI j-^c. >LuijSLII j>Lcl ji^ iligand chemistray ila ;lj~H 
^£1 jjLJuJI (jj SLj-m dJJjjiJ . dll m~ 1 11 II j cA Lj 1 mi-»JI ( _ ;r 3 (j <iUII AjLfljJI 
(_gVaS . I j-;LC. (_Jjj>. I CjLijj£Lus Jy>-J (_^3 3j£Li!l CjI JU J^j . Lcj.^J^uj^SLlLI 

ji ^jj JjI i^_uj^>J1 Li^^j^_laJ1 ^—5 (j-i ' a ■ a "^"i 1 1 (J-\_o*^j^_laj 1 ^jLaJ)) ^—5 ^J-a-tlu 

cjLijj£LlLI ajJx-~ 1 111 Jl^' 1 ■■ UJI joJJil (j-oj djUl , ,.",tl jlSLaal -i jjl** (jJj" i n" 

L^.LUai.1 (jSLaj 4jvLLo JiIj^ CjLijj£LlI.I i>JLA (j2 i?Ll>. 2L1 Li^jLtA 3j>Ljj j_y3 
Ltiajl Lcj-jJ^uj^SLlLI ^yfl 4jljj1I (jJ-LaJI ^ JLy" 1 n"j .CjljjUiJLI ( _ ;r 3 t—ijLtllil 
jl 1 I j uj -- ' j Cj Li jijJS—lL I (j^a^j (jLSwo'ir I (^r^J .4j>- i 1112I 3x.ljj (JLsjs ( _ ;r 3 
1 1 fl fl j i"i~ V (_£_)j>.i 4_lL>. ^1 (jU(-o pjJ (j-o £ Lji>- (j-o (j J> 7" 3j)Lo Jil » -lLu 1 111 
> miljljI /J L^a-aJI ^--5 jLrtjLi l_Lljt_] JL^j . LoLa_i I JUJL>. Lc^j jJLu La tiIUjj 

J!lo subcellular 3_LL>JI (jjj> L^a 3_Lj_«J.I i_*j£!j_UI ^j^«; (jL JSLoIl ^IjJI 
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symbiotic) - ) 2jl'aK*.-.IUI ,"jV2^jU" jIjT^ 6 UJl LJjlII cIjLoKJI ^ Ujjj 
L^LlLiLSj (j^alaeJ L*iej ? i "" a JLj*-° l-#J ^^JL^-^' 0' J Lj -^i3 -(associations 
(_y^ Ljj_ljSLJ! j_c£. commensalism (^IljLjLLIL^ i,_£jji.l CjI_oI£ *_o JaLiJj^U 
^ajjii^jji 4jJJiiLI ajV sbl VI casual IjiXj^. (JjSLj jl liijijj (_gj-!l ^U-a^l 

i^jLjLtlllj jjjjJI (^L. 4jjJL«JI Ljj_uSLJI ££j JaLujVI dilj£j iCjLJIjj^JI 

symbiotic crithidia 3_LaL£it.l LjjluIj^U SJLujJI 3Js}L«JI iii!j£j i(jre»-j_plJI 
J_Lc aLlI! J a U* 'I dUjl£j i I j « a jjLSJuj 5_lL>JI 3Ij> Ji-lj <_Ajj>J cr^ 

i.-.Tir^ jj-fj-b (_gjjl aLJI 3_jj,j_ill (jl jLia Lhp-lj iSJjCUil Ljj_uSLJI cjL«2V 
JiLa organelle Ij-JLi^s Ij*'"* (Jal^iU jl ^IjAUtl ■» . . ^j ,j-^-2_jj_LaJj| ojut 
(jl ^L< C l^-a jjluj . «Lu£jLj I Qj A"rt-1 ' *\j 1 ^s-jji^";ti ^j.ojJj .CjLLi_o^L)j)jjiSj1 
(^1 Cjjlj n_gjjJaIcJI (j_ojJI (J!^L>- CjLjIlj JLS SjuljHU 4JLu^JI CjLIaLjjjVI 

(j9-S> j jJsj .;- <a ^.^Lj «LjLj ' a - ^j i (jl (jS_a-s * iaLuju 3jujl>. '" * >tS jj J'^ 

0j_fl> O-jJLjv lijj . 4_LjL«JI Sj^a- i"i \ Lg-La d *\ j i"i ILi d j «T> T jjU'tl dlojLi. 

(jf >Lla LxjLLo Oj^d ^ ^ ' ""* o^- L^J^J ^ I iUIa LuLiij djLLLGjVI 

a! J "r "i ( nl w La -» **' ) tiJjJLjj ■- o 5 II (^-1! (j^>- _9>-*-" ' Ct- t - tT iJ ^ga-lu A3. (J-a-b 

cIjIjLlJI c.iintj S 5_JLS_JI Jj .^L>J,I A^ljj j! SjjUjSLII djLu^iJ.1 
j_«_i (jVI LJjjjLio (j-i^ i^tlll I j-fli (^i^- L^JjLuj (_^iJI 3jl;Jj>.jJI cjLcjI£L!Lj 

• jjj^J LluIjJ J^J-*- 5 ' ^_ " _ *' ' ' rt "Lp ' L)' *^U9>^ijll 4_*_uljJ 
jjlij i_ajjjij J ±2~t ■ ■■ ilt 3jUJU>- 3^' ' a ''■■ g ' (jrJI ^WjJ^r!^' (°-^ L? J ' ^-^ 
JLjJU>. ^LjJjJ C^ '-"J"^ CjVLiis-l )«-a (j^ntll inltn (jl I 'jlfj . lil! jl£ j-a^( I 
j-LjJJj c1jLJIj_ljJI «L£j 5_l2jjj i 4-j- im'iVI fjlj-o Lj!M-^ <j-° -i'j-^^U 
j^c (jLjuV I (_^ jJ (ji>- CjV^LjJI 4jIjJ J-^J-«J lil! jl^j i ) "-"* j^c I j LeaSI (.aa. 
aj^Lj V t_t^lj^ ^ I f 3l_j_>JI jl r I LtaA! I (^ j ci i nit ' ^J^"" (jr^ 3 " . t .^«a 

(jl^ LS^JitA (jl J i tu i " 1 1 ( _ ;r 3 (j^ ' ' "H i— aV I Jjlj jj .^.".11 (j^sj ' a-ixlajl SjLaj 
iitxlajt /^i^. Cj Luj, i\ U z^H^s_a Lpii LblS (JjLaj l_Sjj_u L-4-ij LJL_ujI (J^S ^j-a 
^2 j A , ,, tl j-^o 3 jljjlc LJjij_S (jl i niVI («J w '^a jj| jjtj L^jJI Jjjlj l-a-ya- 
(_b (j_u_ujJ1 1_AjjJlj '"■ o j i ■■! Ji^ Cjujj^LuI 4j_u1jJ (jjS"i i nj g I u^gj \ ^Lrt_i 1 
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J-aLii^ . JLulL_uV1 3^L_uV cUiCj-A CjLlSjj CjljjjualJI a JJt JfxX tj^-lj .(J^uuJI 
£j_A ' - LeaJ £j] (J-J-S Aj_jJ1 (jL.UL.LI «L)jL_lJ1 4j tj AU j^o ^jL-ujVI ^^algeJ £)| 
^^U>.2lj ^^LlLI 4_o*Lj jj-a JuLst-a •qJjlII (jl . jJj jio Lh°J*^ d ^J^^ CjulS^jJI 

.irreversible lQ a^JLlI -ij-«J V dllj^ j_Aj -* tlUtl aSLj ^ dllj (jL£ L^jjj 

(_C.il _Jl!}j . <_i (^j___J 1 (j_u_L>Jl «_ L t— > jj-a /j-~- (ft— —II j-j1jj>- (J4j— L- 4 - 1 !^ 
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Antibodies: (<Lcl_LU -sl>o) o v ^ ■'*" ^1 m>! -I 

jljj.1 CjJLcLj-u <Lu^Jl!I jljj.1 CjjLc lilj . Lg-al i n-vl (Ji. jG-Cjl_]j|j£Lus 3.}Lc 

Enzyme: (<uj-JI -2 
^jLi_jS^_laj1 ^J^LaiJL] ^Jjjeju I ^ *Ctj j j«".tl 1 ^ , ,. A« L^jjUju 2i 4_j_Ljjj)j»j 3^La 

.(J^Lalll I jut cjjlxj (j? jj i .nil (j^ (jl£L! LtVjJj 

Ion: jjjjI -3 

. 4_uj^i ilifMi Jji^ej (^j^>- J I Sj!i 
Sublimation: (^-al mj -4 

.(jLiji jjj SLjjLiJi sjuji (^ji 3ji.r-.il ajuji (j^ s^m j^; 

Commensalism: <_>ijL«3 -5 

Symbiosis: (JaLCj -6 
^jLS-jj i ii II Q^Sjj jJ^LuLLI ^LaH^. zu ^j U"m ^ a u se rt (^-<-jLS dA- 5 u^Lujl 

Symbionts (j-daLCio 
Photosyntesis: ^y^> Si?^ "^ 
4^3 LLs a! JL^-"< ii Li (j^jj^Jl JLu_uSI /j-jLj ^j-a d ^J Lgajul 3^ LI I (2)^3^ 4_j_t-aL>. 

- I j ■ >» A. II CjLjLiill j^j ^^ 4_uj/Lu/2l sLlUjiJI (j-AJ -J LtaJI ^^ pi i i'iVI 

Protoplasm: (Vj!M-j >JJ>j) 5JLj>. -8 

.5_lL>JI ^ 3_pJI oL^bJ.! 

Spore: <LajjjL>. -9 

i_al_a_>Jlj Sjlj^eJJ sLojLaJLl S^Ljj /j I c Sj^La i—i jj S. j ^ 1 1 4_LoL^ 3jjj^> 

■j j^U-il lj 
.4jjIjVI 4£T>j>JI (^Lc SjJ-£JI Su^Li. Motility Kj^. -10 
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Mycelia: <Ljj_Ll3 jjL^i^ Mycelium 4j^Ll3 oj-ij^aa. - 1 I 

. i_Lo^_j_>J u «Lt_*Iol '""^ La all ^j-a CjLcj-oj 

Deoxyribonucleic acid D N A: <j j 7- <jLuiSLu^jjj ^ mM i_s ^j^i^ - 1 2 

jj-iLSJI CjLit-a _}JL>»j (Jlli 4_u1j^jl CjLa^U LI i J_4->»J 4_jjt_j_iio ds <i 1 i" a 3_}La 

Ribonucleic acid R N A: (j jr) ii.Lu.lSLu >^j>!I ^j^-i^ - 1 3 

. 1 a.j j < ,.A"j 4_ulj^Jl Cj La^ La 1 1 J-S-ij gj-galiej ^ j * j 1 Lo 3_}La 

Antigen: 5^LiLI j^L». -14 

antibodies 3 >l uaX\ *\ ma-VI (jJ^SLj (jlr j-i><J Ljj_uSLl!I a_j*ui J!lo S^La 

. LL«J! djLoLSLI! 3^=^,? ji *j ^ 
Autotrophs: 4jJJl1II <Luli -15 
julL jljJ.1 jj-o L$K 5_u! JLc. jj^jUl i_il 1 n->. (jlr jjsJJI (jlr Sj-lLs CjLuK 

, djj *>.* tl 
Aerosol: jlij -16 

. xJu ^LJa-U t. < ( i^J CU_lJtJ ljL>. 4jLl3.} LZ^3 *'^4^' i-r^ d * rt ' " * J J ** 

Continuous Culture: aj o~ , « a <tcjj_a - 1 7 
j-jLSHj /j^>. ^_4-l1I ' la 1 uQJ jl i) q" ( "lj ^Ja-U ^Jjlj Cjuj^S-lLI jj_a «lCjj-a 

. jlj q"i 1 .1L1 CjLjj|j£LlLI 
Substrates: ^Ijic. Oinina 18 

.jjljlt lLj 1 "j II ^°i CjLjj|j£LlLI Lfra Jiir" t n" (^yl!! «Lul J-iJI CjLJjSUI 

Toxin: (jj-u^jjjl) ^ <i m -19 

. 3.}Lc jjr lJ t j£jua (_Luol (j-o ^Lui (j^Jj^ 

Photochemical: (_gjLi-i£ »j^a -20 

. s-a-Lcajl 4jlujI d 1 1 1 11" ^jLi_p ^^LcLaj 

Mutation: 3j_iLo -21 

OjL£ I jl VI 4jjjjJ.I dil liir^ill (^3 j_l«j ^1 (_£J>Jj (j J 7- lJ £ (_gjLiJ^ j_Ju 

.mutant IjiLL j_iilll lju» J1L <_p3jjuj (_£JJI <3jL£JI ^ 1 .mj . SJjLjs *j aUH 

Heterotrophs: 4jJl«11I Sjj.'^<- -22 

.^sJjl » ^Laj ' ■" i^>- a ^J ' *""" -i'3-a /^-ll /7LL>»j CjLuLS 

Chemotherapy: ^jLij^ r}J-c -23 
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Organelle: <L1=»JI (Ji-lj j_l«j^ w ■ ^^ -24 
cjLoISLII) IjjLLlI.1 u^ - 1 ■ v» <~ \l l 5^jI mu i a5l taj L$J 3_lL>JI (Ji-!^ t_^!jj 

Biosphere: igo.;-» i_a^Lc. -25 

Vitamin: (J-ujLLi^ -26 

Aerobe: ^Ijj* i_jjij£Lus -27 

Anaerobe: ^Ij-A V i_!jij£L<-a -28 

Barophile: ((jl/ij jLi t_i^£Lus) iiaj Ltail t_<je-o t_i^£Lus -29 

Halophile: ( t;r Li^jJLt i_jjij£Llo) sLv^LjU lju i_sjj£Llo -30 
('jj >j uaJI JUj^lS) 7c_UI g| j i ii i JU^J (Jjire-o ( _ ;r 3 jjs-LI! (_j-l^ J-i^ h-LSL)^!- 
oLJ.1 CjLlJj£LLa J"*_' J^L>J,I (_ya j_i^lll I JU* JiLaj .4jUI ^yfl 35^15 (^C «Lj£ 

.JliJjJI 
Psychrophile: ( (J lj'qjij'\jiii t_ijj£LLa) S^jj-A! i_<-k-o i_!jj£Luj -3 I 

Thermophile: (^l/qj-aj-u t_ijj£Lus) Sjlj^ti! t_<je-o t_ijj£Lus -32 
4j_jia ^>-J-I 45 -40 ,j-o (JI \c I SjIjjs- ^>-j-i -J^- Q»<'1 (jlf j-^ VJJ^t!- 

.4j^L«JI i^jLjjiLLL! Jill ^ujs[£ L3 _&j 

Teratogenic: Cfu^yM aj ui a -33 

Serum: ajJI Jj^ia -34 

.^JjyVj fjJI «yj J5LJI *j^JI 

Rumen: j^->JJ (jl^-pJI (^fl (^Jj^' SjulII -35 

Psychrosphere: j^e-JI (_^3 3j>jLj 2 SlaJLa -36 
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Thermosphere: j^JI u& 4jj!jj- 2 S U ; * -37 

. 4_lL^i3 Cjlj-iill (_pajjijjj jlkjJ! ^ LJ-*-" 4iLilL! (_j-Aj 

Thermocline: 3li^>La 4jjIjj»~ 2 alaJU -38 

Metazoa: : IjjLlw -39 

. Lj^>L>JI S^jjilo CjUI^o. 

Permafrost: juu*jJI 3_<ij1^ jJoLlo -40 

Pathogenic: (ji'oj-a -41 

Sulfuretun: ^^hj^ ^Llaj -42 

Medium : i ta • "j -43 
.Cjuj^SLjJJ I flq3 j-<3_u /^II d m ill j_A 

Chloroplast: Oj-u^Lkij^K -44 

(J_u_$IlJl 4- LL q- t j a^JLj (j-*^' CjLliLSj Cjujij^LlLI u^L>. (_£ /jj i *X C_A_O^J 

Bacteriophage: (t-Lsjjj-uSLi) Ljj_uSLJI *tsV -45 
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Bibliographical Note 

The subject of microbiology is not well documented as far textbooks and elementary expositions are 

concerned. There are many books dealing with branched of the subject: bacteriology (medical and 

agricultural). Industrial microbiology, microbial genetics, microbial biochemistry are examples, but 

even in these specialized areas of the subject few books combine comprehensiveness, readability and 

comprehensibility at an elementary level. Thus the list that follows is a personal selection of books I 

happen to be aware of and that I know are available; the omission of a title familiar to the reader does 

not mean that it is unworthy. 

General microbiology 

Few authors have attempted a synoptic account of microbiology as a discipline in its own right. Two 

creditable attempts, pitched at the sixth-former's or first year undergraduate's level, are: Hawker,L. S. 

and others: An Introduction to the Biology of Micro-organisms, Edward Arnold, 1960. 

Stanier, R.Y, Duodoroff, M and Adelberg, E A.: General Microbiology, Macmillan, 1963. 

A useful primer for absolute beginners is: 

Vines, A.E. and Rees, N.: The Microbes, Pitman's, 1967. 

Economic Microbiology 

There is no comprehensive Work on economic microbiology at any level. The industrial side can be 

filled in with the aid of several standard works, notably: 

MICROBES AND MAN 

Rose, A. H.: Industrial Microbiology, Butterworth, 1961- which does not assume too much basic 

knowledge. 

Smith, G.: Introduction to Industrial Mycology, 6th Ed., Arnold, 1969. 

Medical Microbiology 

I am not aware of any popular account of this field; a medical student's crib probably contains information 

in its most concentrated form. A standard work is: 

Cruickshank, R.: Medical Microbiology, E. & S. Livingston, 1965. 

Microbial Ecology 

The author of the first good book on this subject (published in 1966) had realized by 1967 that it would 

soon need revision; nevertheless, it is a good start: 

Brock, T. D.: Principles of Microbial Ecology, Prentice-Hall, New York, 1966. 

Microbial Chemistry 

Several books exist on this subject; a brisk account for students with reference to more advanced 
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matters, is: 

Rose, A. H. Chemical Microbiology, 2nd Ed., Butterworth, 1968. 

Microbial Genetics 

A popular account of recent developments in this rapidly changing field is: 

Clowes, R.: The Structure of Life, Penguin Books, 1967. 

Origin of Life 

An accurate, entertaining and sometimes idiosyncratic account by one pf the major contributors to this 

field is: 

Bernal, J.D.: The Origin of Life, Weidenfeld & Nicolson, 1967. 

BIBLIOGRAPGICAL NOTE 

Chemistry 

Amplification of the purely chemical matters that I alluded to in Chapters 1 and 6 should be found in 

any ordinary textbook of chemistry. 

A good up-to-date one is: 

Buttle, J.W., Daniels, D.J. and Beckett, P.J.: Chemistry: 

A Unified Approach, Butterworth, 1966. 
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u i_oi M j| 

^JljLIjj *U,I ^,.3 dJaljui <L9jJI 5jJl_! cLJl^-p-^ Sjj^h ^L**^ t>° 0.3^ Plankton tjj^SLJ^LJI (2) 

Cj l_Jj_La_dJ I ^ Uj-uiS-Jlj CjLi_u aj_uiJli <4_ii_L3jJl CjLuLSJI 4_p-aJa_jJ JaLuJ aJlc : Lajv aJ ajj^ jSjJ, I ( I) 

jj-d I Jl>-1J 2fJ- vS_(J Z ^jJI 4j1_iIu A£. ;- J-lLmU ,_jjjJjJ ^j-u-tia ilJlIJJU (J-J-2 (j^a Tc-tlal^ jjL^O dJLljfc (2) 
(J-LJa-all (JjlJ <_Jj . L^aJ ajj a >SLjJ, I m I f-tia^ /^ Lu4>- la£jl_ii <U ^jjj-l^ La-d j (j-uL l_i_u oJlC tLalc 

. (*_>-ljJU) . JlAJ LmS 5JLJajJI *l_p-VI 4j}j ^ya C<J<La <^h-1I^ <>>^U,' CjL-uJulJI 

.(^IjJt I) oLiUUIj (3) 

,j_c Ltj-y^-J (Microalgae)<L2_jJ9jJI <_JL*-LsJI : *Lc j_<u>JJ .sjui (yt-mj (jl L_kJJi,Ls j_jju>J! (jl£ (4) 

. (j^l^JU) cjLjLlIJI aJLc ^j-^-^3 'j-^J L<^ t 3jLc i a * i -" (_7-^'i (Macroalgae)2^-uSU I <_JUtlaJ! 

.(^-IjJLI) organotrophs ebjiJilJI . *b j_Jaii :JjJl-JI aj_oVI IjjJl=»- L^Jl^- qj a 1 Eajj (5) 

Cyanobacteria *La jJJU r tj tia-aJ I L^-CiSLJI *j-uI L^_JLz. J^^-j^ t L^-iiSLJl (j-4-ua IjjJ^- ' o * ■ -^" (6) 

• (t^WO 

^ <-3>*J La^ itillj jjj ji£l (jLcaJVI ^ 3jlj*Utl ^Ij^aVl lyiaxiiJ £jr ill IjjjjJj^-JI (jl *J3l^]| (7) 

djLjk LsLsft-iIoj . Ljj^U,i_5 Lu La-tfu-tl] I a (*J-<Ji O-^.)- *-iJJ jS? °J-^-3 LrH^* J 3"^ ^ "' L>^_3 " ' ( -^ £2 — ^ ' 

fiLa-Lftja d_a_i-ulj Cjl_ia>SLu,l aJLlj i_i]Ji,l 3-i'jJ CjjIi L*-M9 . aJLlJI ,-3 jj-u^Ltu ajjJ' JljlJ l _psl j_a2i 

. (ajvjjJj) . 4jajHjl ijj cdJ jJj L-U-i-k (_>-iJ-I 4jLi * iLJSJI {_ya >=»- 1 %-l^^a i-£ i__3>jj<j <jSL3^ 

- (^IjJLI) »<&j}JI (jrJ| <JjLi=JI 4j1^1L jj-ftli t^JJI J-4 i j-u^L>.j_L J _oVl (jJiJj tAjjiuilJI jla^ (8) 
.(^IjJLO^ib^^All V tU^pS^JI {yu^i y,<rT\ .ClJIj Uj ^ln,M^^> > Lug^l C^15 (9) 

.(^IjJLI) ,4jiaaiAlJ J^j Vj^f \jjl (10) 

.( c? ».i > xi),aj 5 j- ft fijt(ii) 

.(f^-ljJLI) . LaLw Sj^-iJI <sjuii OJuuXml^ tl _)jL>o OJiiL Jljlj Lt-»Li IJlA Cuj *J (12) 
• js.|j_^S L^_al Jj^-luj X 4j^I Jl CjuLoJI ■ la A-^n (JaJL iafl uiii^ja lJljj_*jJ I vjJl^o! ^_^ <4_tu_i_oJ_a (13) 

.(a^.jJU,I) . i j^_ l _ojl jJI J_i^ ,j_a cjLjLljJI (jJlc (— 3>*jJ! (^ JlcL_uj <j-ILc 
ojua-sej-a j^L Microenvironments 4_L^j ^LjjJ (_t^ Jua-j&TJ,! g-l^tl J^l j bpSuJI <sjui J^ (jSuju ( 14) 

.(«_>- 1 j_tl) ^ >>■ I <— iLcili <J U .". >*V 4^tjjJ iJaajtLq jjS-tTuJ 5jI>jJI L^J-S !«_dJ>J 
5_Ljt_a JijiJ aljLJeXujI 7c-ua^l jl5j ,,U^*<n ^aaJXI JaL^^VI ^ i_A^ halophiles 4j>-^iXI 4-L*ja ( 15) 
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*(*_j.l_>XI) ,^_____1 jl tc-UI S__>J, Osmophiles *__jj_U t^jj^jj-*' J__i_. 



. (*_>-ljJ,l) 4jJ_*_JI 4Ja. l_-C Jj i4j j___JI 4_ul j j^L j_)J___ _--<i>^ ( 16) 

. (*_^iyU)Ribbons 4.J-CJ 4_«_*.^j 2Joj_iT jjjS-i 0' p--->Vl StaIks4_J£ 4_a_^_i iJjLLci (17) 

(jaJ 4-iJlaTJI 9 ' j i a C ,_j_ LjjI t4_jjl II C-x-JJ Ljj_CiSLJI ,j_a f-ljj 21 £__(_ *_ua_- (jl I >_»-J_a Ci_u (18) 

Julj __Jja tftU.' __ii t _ii jjl (ji.3d.uS V I - U , ulaj 4jjLSJj 3 j j i a I r*v j" \ ajj J_>JI 3j____l a . lL-uj _-J-ll 

JljJL' <3J-_S ■ 1 C Ljj-CiS-JI ^J_i_J jjl Jl*j L^j - U ," ■ a _l_il_> 5 i j , >. t- _llj_a <j_a Cjujj-M <3j__- _)>-*-> 

.(*-*. IjJU) 4jj.>^H 
*l__ul 4_L__Ja « <4_a I JlS-Tl-u I aJlC al m ■■ axlul ___S (j'tJ-.-uS'-M ^ I Jls_1_- I » Ll___j l_i]JJJ (jl ?c_-ala (19) 

^jlSU -^:A ^La 5jj-u.1I j_i£ *-^LaVl La! La a4 Sj^l^JI jIjJU li^aj l_UjU.I <jl tcJsIjJI <_ya (20) 

.(9^1^X1). i jui i^^ 

l_^_La j,< "-» tg t LLuajl J-g-tiiJ ( _ 3 _jJI o^-^J,! TTjLi- ^^JST A fL^*' guasars 4_>_ij_£JI CjLuajLlII ( I) 

. (*_>.^_il) . ajjeJJI (jja j j ifi" <_--J-i *Lj^SL1!_9 ^jjIjJI cjL>-j^a £j_c __■! >>m I 

*l_il _---c j _ L-j 5 SjSjJI 4_uI^j_>JI^ 4jjL_LII __-L_il__ll Jplj-i _)_* uj^d plankton (jjJjSlJ^LJI (2) 

. («_>.^Ji,l) . 4_uLtl »Lp>VI L&aIc- (JkjjLij 

(_<-n.uJ LgjJ-JUfl . 3_lL*_l ___) _£_t| (j_9_l 5 ta-jlfcll sL-^-H ___) _Aj-" '~'^J """" J^ *' lt -41 < - j ^J L^t!-* 1 0) 

.(<<_>. j_l1I) 4_J^JI l^jW^' ^WW^'j 4-j^jlXI cjLIjU.^VI L-L_w| 

. (a^-jjJ.1) >t| _jj__tl 4__a __-__*_) J_3^ '(*^J JaLsc-fl 4a_e---J J j ■ ■■! _-"*_«. < LjjLj_L_ojjJI (4) 
Ji-Juj .J-aLJ,! ^ L^J^I JlJ jl L^seIuj JuC 4jLua.ll i—lJIjVI (j-a (jL-aJVI ^1 till j£ (_P=>>1I J-2JJ (5) 
/Q_5e_L3l a I CjjJlI,' dU,' t j_a 4j 4jLaa2l JJ-^ LaS ( JuL^JI CjL5e_5e_i_o a I aAJI a I (JulJI ,j_a Cj UJjvS-U, I 
4_La C<-L > Q ^JJI (jLSjtl (_y^l rdj-a AJJ iJl)_L5eJ^-4Jjjl3 LaLjl 4juajj_a (_,-4^»- (_p=>j-ll L-u - mJj .Ojill 

JlJ3j . 4-Jl>JJ 4j^L1<mJlII jjJLII ^q < •*■ • ^" ^ ■ •* ■ a -jj .^ji^Jlj *uil! jl jJl=kJI ^1 tjutJL^ cj LjojSjJ, I 

. (ffl-^- CU,I) - 4j ajj>Jl CjI jLuaJLLi I \ a.m.i_a (jJ^I ,_p3 vi,' s-Ld-m 7c_i.ua I 
■ - i -i jj S-U^-iJI J^jJI _>« j--_CJI_a l^___>_)j _y_) JLflJaVl J___ jgUI Jl-u-iU? Juvf (6) 

Ring-a-Ring o' Roses A pocket Full of Posies (_j-l La_JI J-u-qj) Atishoo-Atishoo We All Fall Down 

pajj J_u_ _p_j2l _)£. p j i u-i ■! (jaj_i____J rftj 4__L- 4jjj_ /-ic. ffl-^Jj-il_i _ji___u LalL- _JL_i_ 21 aj___jj 

.(,»»pil) 1969 j.U ^jVl a., t-,l l jIjjl! __ dilj jlS (7) 
. (^jlil) ^jLiJU o^jA' ^jL»M-^j o-='j^-' o^d^' u^- J-*^" u' S^jmKVI i^jjulIL ±y^2X\ (8) 

.(j^.ljj.1) ■i.u^^JI lS>i«V cr ;^i\ ^i=LU! JlIc (9) 
^ ^LJIj (j 1 -^ 1 ^" ct^ ^JJ 3I ' 3 ' " ^JJ 47 C 978 f 1 -^) IjJjJI CiL^,jj_LiJI jji^ »L (10) 

4 <y\\ \\y (p^-Ci\\) RNA ^59_Lll jfl_U)JI j^i^ ^j^ (jaSjj <Ji_i3J CjL_oaj_t5 4_)^fl_tJl Cj L_oj j_ulJ I ( 12) 
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u i_oi M j| 

. (*_js-IjJLI) Virs ^ RNA jjt ,^ ^f Pico jj^a 4^>^ 

. (jc^HI). 1978 »lc c ^~ faj 4jl_a 4-uijVl CiL^j-uiJI JJuL i±i (13) 

^^a J_^VI j^ L^aLLj^l jl^a Enteric cytopathic human orphan :Ci\ a Kl jL^L>-l iJr Jt, Echo(14) 

((*».>m) .^>u juioVi jij-, 

5JLj_a 5 j 1 , ^ t- CjI_j»- ) uuj :-.\t ,~.tl ^jj3 ^ ^->Ljj ^yij i^-ijj tetanus ^^Jl " mII ji j'J^J' ( 15) 

CjL^oJI a | i n )^ . d_*Ha 5_i j t i^ .^Jl (^Jaja luAJI '^\1 . '^.- i_£ J^£ O jN 1 1, 1 4_ilsl >C 1 (j-aj - (_?-a^-9 

.((c^-^l) . .mm i^SjJI ^ j;}LJI JU-ii.1 Jl^l 4-JLl 

^MS pA= J°, ^jJI Jl . . „llj LpiijJI^I IflLi^Li (u^^LLlIII) jl^ill i l^LSBI w ^._, (ia) 

.((c^-^l) o^l OJjiJI ^ j-«JI j-* cA^ 1 5 - L " JI <_^ JLii=>L] j^lj 

*l_y-9 9 ' " ' J ' -^ 1 1 (j-S 4je_i *_a ajjlLJIj (j^-aJl <~*y> u^c i-£ I k«-Ja j^j-A j^^-LJ ajj ojJ I ^-q-t-uTJI l _psl >C 1(17) 

[jlSLI CjLajJjVI X^.J ^jjLmSLH Cj^LcLalll f-jL^uj j^^lJI) t^Jp 3-ilu^-i BjLa Enzyme fajJJVI ( 18) 

. (fi-3-pJU) >Luof C-iJ^tJ V JJ39 l_L>. l^jiaj JiiLalll 
^ antibodies antitoxins J 5 *r* \ II 4_«^pJI (jl j^Jlc LliJ j^ 4_*jLi CjL^a-i-ulII jui Cx^tj-t^l (19) 
CjLjIj-l--^. _Lc^ aL_oj»-I -Ltlsj Cj1_Lu-u£jj _LtIs t^l^jJI j^jlc ui^ 0' u-V,'-'- 1 L&'Li La^ antibiotics 

.(j^-ijJlO.ijCij 

L^J (j-oul TC-UilJ _LlC t^-ljj <4_tl3 aj_a CjL_uO)_l2 /J^ ^4J-?o CjLvLSJ (jVl ^y^\j-a 2 I <sJl^J tcj-c^I (20) 
cLiLi^yi ,j_a eCjL^j ^l ^jjj^ ^jJulU 3 il -^ * -llj-a /tLjJ! (_yJLC (Cj-u-s-JI iJ7 3 <cl_J,l 3J^j>-I J-<i=>- ^l 

- (aj^-^JIII) . Lul taJsgj (JLa-JiJ BjuMj^^Li-u iJ) 3 4_Li Jua (2 I ) 

^^ 4_j_cj_j jjr&j- Lij-pSL J I cjLc^V ^j-o-^ujj Lj^-CiSLJI jjig J^U"" '~'l t-uji^-LAll ,j^ p'^Jl i-iJLa (22) 

tiii Vj.AiSjoJUii^^jjL^Ji ji i^i mi ,,1 f»j<iji ^sOiU^a.j.uji a-a-,^,11 a-jax» cau.1 (23) 

. ((fcJ^HXI) .^j_L>JI _Ljs ^ ,^,-^"11 i<uajj (jtJ|) ^-^ J ,r,nll (jl 
-CJ^JJ.1 ^-jIj uJIj ~>«l~tl Ji^ J'J>II (jr^ 3^^1-C: J T, T\ ^JljlII jf jVI L_ajM>jLj.l jj_a ^ ji^l (24) 

.(^^Ul) .^JlaJI Jij ^ Ijjj ^W-^' ' .'tlj j 

.(^s-ljJLI) I^hI^oI ^j''y <j^ jjMMaLa, 5tt-,Lla ^j_a 5Jj_La (25) 

HJ^_ajL^JI x—lLusI ^j^_J d_ie3L>- j J & 'J ■" )LM La fljl jjiaJLJ a , , , M " ^jJl>. ^^^aj-a ti^uoLjjJI A-L9 (26) 

al ,1 ui^LU j_y3jl /j-^ 3l_i>- /Q_^,_u_u JlI^. jjj ,'^Lj)Jl d_j i ,1 ■ -^ , La 1 j_jj£a . Cj L»- jJiliJ 1 jJI ^j|_t^ 

. (ra^. >IxXI) ■" )Ljj LajJu 4jaJd,l 4-aljLjl ?c-ll i nl, I (_^ ^g-al <\ ~r~ , nl 

. (j^ljJLOSouth See Island m;jLjJI ,Uj^J,I ^is jj^. (27) 

(j^-ljJLI) .(1903)^^ (1848) jJa^^^i^^j.U.j (28) 

aU,„j-ll i^ljjjl iLa-jjiM^ 4j CiLlJI (^ " p"jj . 4jJU.Vl 2 ; II j^s ^LSJjVl Jl=-^j (29) 

jM_JI ,j-a j-^,lj JLkJ ^ 4-^Ijlj-' ,„l ^j "5f ^j <dl}j£ J^\ lJKJI j^= ^L5J ^Jlia (30) 

.(^^1) .ijj^tJI 
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(jl_L._oVI ^J-*JJ <j^ lJu 4 ^ t-.-^? 4_Lvj_a l^j^J-^-J --"H (Jr'i^' 4-U-jJ.I ^^ji . US'q <j JJb f^lj-H (jr^ (32) 
dj-p-V I I i ajg^ jjLLi_o VI CjLLjj aj_! JJl^o CjLo_)j_)1 <s^Lc I 3j jSjJ.1 UvTiS-JI T^lJ-i J) t,_p3La-=>- VI J-*-<u 

.(j^-ljJlO.uu; 

4_a^LiLa Lfcuj LnuS-a (j-<-uJ' (j-a d j**- La-coJI dJLdaJI ,_JS a a-n.u.1 LSJ I CjLi£j_a *_a ^jjjjJLdJI JcLdjJ (33) 

. (s_^.lvJ,l) ,_yia_aL^JI >J2 oJuJljIo 
. (fi^lXI) . LuLLlJj-I ^ plXI Sjjl^ dUj JlAJ fU (34) 

1 1 $^°> Jis )-i.u-i.t I j j-4-iJi ^je. ' f 13 ' "„ tft "f*- 5 >^' 0L>^' ct^ *^ > ' *-° J -4 -^ o-^ JL*- 1 ^ i3~ iu ~ i2 ' w5) 

4_J) t^-ij-i La j_tisL>JI j_fl_«Jl ,^ „* ' C*JJ _L9j fl 1 i^*^' ^jja >-iSl 1 i j ft->lg (j-uLtll f-2Liaj Jt^ f*- 1 ] 

; J j_£j cit-p>. aj >SJ I (jl j_5JI -^ L^jftJi>ao i il_u_ul jj-a cdJj J-*-J_9 - d j ' '■■* 'J 4-ys-i-aJ- i ul "•* * ^j-a \_a_iJl 

. (aj»- vjJLI) , « j a_i_tTL>. La jjl La_] uJl JaC ,j-a (j-i±>-j *V)2na t 11 Lea >VI a yxiuJU a j_«_>Jl La_sl D 

I '^-fi :?e_i^3 2i_a . 5_iaj^JI d a -^ L^J '">' 11 liai,! ^jl <-l U^-^-^j" (_?"*_?• ^juLiIo Ci.ae-i.ua I 4_«j»->j (36) 

. (s_^.lj_l,l) 4jaj^JI '"'' II '^ * a I Cjuijj. 

(j^S-j (jl tj^Uj V^-Cxj-ojj (jylll cj^^LcoJI jl jiiil 1 1 - * j llLI V i_dJJJ,l (jLi Lla 4_jjJLUI (jJ-ljj (37) 

.(*_^-ljJU) 4-iJL_a 4-a^ Jj-SJI Ijui (jl ^jl (jrlJt.3 dJJj *_a_j -«Speces CjLijijiLJJ f-ljJ1» a > -^ 

. (j-^-i^jJU) .(jLcuJ^LJ LaL_o L^a-tuLj (jL£ j]^ t cjLla Sjiii aj_JI CxiL (38) 

. ((d^-^jJ.1) Sj-tiiil t jil eLjjj-s-JI di\ ^ LJaJ.1 ^ (jVI 4-a jLJtTmil, I Cj Lc jjS-^J, I Cjjlj (39) 

L^lSLJI JXaj I ^ i^« a (jf clu Jj -j-^LSjJI <sjui ^j_a j_CiSJJ oJl^J^i d^jjJLI ^Jui Cx^tj^ol (40) 

.(j^ljJLI) J^AJh 
j^LJI (_,_£ 5_LLcuj JSLi aIj 4j^j>JI cjIjLJsJU ^j-^ ^jSU^ SjjjjjVI j^LJI ^ Ij^ 6jj*j (41) 

^ia 4jaj^JI '**>' 11 '^ a U 4ja_al_5^ Cj Li a j^LlJ I £y* Cj z^Li_u jj j^-* j Iaa> ^j^a «La^ La cdJIi ^j . 4jjj_aJI 
ij>i « J \ L y3j-xj}\$ JLLI j'j^l ij-C- ^i-Ja^ (^^alajJLI ( j_a L^jJ] 4j>-L=kJI ij-u-^I ^^3 (J3^d L>^ W^ - Jl ^ j ^ 

.(^jJUI) ^uUJI LijLjT 

.4_Jjuj<JUj 3jL=kJI ^jI^LLt' f-j^j- (_y^ 3jLl cjjL^tj^ 5_Ajljji cjL^j^lj-a ^<ijjlj^>. ^J (^j^jJLI ^>-j-i (42) 

Ltju^l^ CjuI a_i^JI .1 aL>- (JsSj a . j_!jl_LiJI a Jj^J}^ a Lie. 2 I a jL2j2 LS ^Lt^s I CjuIj-i^JI i u '-^ ■ j-A 9 

ijia ?-j_Sj 5 <_)L^jJI^ aj^ ^-JJ ^Jjj 5 ojLc JlL^JI 1 t-t-L-aj ,_p3>J.i^ - ^9Jl«U <LCJ-*-a jjLcia_a L&jLljIuI^ 

jL^j>JI 9 tJ-GjjJI 1 'j La ' Ju9 a <4_Jl?J,I 4-JflLa^a-LUl JjJLlI ,__^ aj aj I ^ i ~- • a I a <Gj_i^JI 5j_«_?JI <_ya-i-uj La 

.(a^.jjJ.1) I i>ij l ( ^a '^i g U 

«u j ■" ;g b W o^>^» ^,0^ ^IjLiti^l ^_Al (jf Jj (LJL£) jVl o^j-iJI I Jl^J Jo *". .n V (43) 

^ Lg-al jLJtl^-ul ^ J^l dJLoi.^ ' fl-tlLClJI SJa-AJj LgJSUj Ijjjs-jj ojUI ^Jl^j ALalAVI Jlj La (44) 
(jL3 -7c_l^Ij jJt Lfl^ «liIL (jLa_)VI s_a ^j^jLxUlj V oLijJI J^i <-l>-LJ {_ya ^LSJuJI jJjjJI SJLcu^i ( I) 
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oil— oljfrll 

I j| a j~a\ L«-i!9 •tr > ~ *i_7-^" U^ s-^Xi £j-° ^ '*'*** ■ ■ ■■ 4i3l (_)-«-=>- -L9j * ll *HJ I (j-8 aj! a SLiSuj jj-^Jj jjLoai 

(C_uij_cu_J t 5-aJLLJfc-a CjL^ ^l-Variable amounts i_J£j ^j-a lJlJJJLLj jJl^-VI (jl^a-traces>» *u^>j (2) 
. L-L-i-m-J oj-a-S CjLj_«_SLi Cj Li $j£-jX 1 L^LLs-o Lii^j ,^,131 (jjLaJ.1 pU. i'q-^ »1*JI *JaljJI »l^ dJJj 

• (t^WO 

<_5-)Lj (Jja-^O ,_2 L^-a Jl^Th-uJ 4_uLj-fl_p SjSLLa Ask-luh j^_Ls_L>JI ^1 CjJj-iSJ! Uj-iiS-JI oJ-& -"_P (3) 

. (^-s-ljJLI) O^i^H-'-" ck3^ l£' s >H>i n (jr* Denitrity 4_«J£ 4-«^->J (4) 

• Q^WD 

^^-2 4-l^Ij CjLjLlj jl-jjL^u-JVI 1 j j'o Lq-i-ClilJl^-p- t j_a 4jj*- 4-^-l^JI^ Li^Li- ^Jl'jJ A .5rf-^ O^- - 1 (6) 

. («_>.lj_tl) <jt_cjjj 21 fjlj-a_i 0_Lffc j_q-i-uJ^ . LaLa_i Cj u a >SLu, I 9jj^ L-«S t4_fl_ia_a 4_ul _Lc Jal_i_ual 

. (j-s-I^JU) j-a^\ \'jJt> ^yic aLc JjLajl dJllA -»■ j i aj <jf AJ-JI dLi^l (7) 

«J ^ a* ft ,j_a ^L!La Jj_LuaJ Va ■ la ** <* j i LaJI Lp- aJa_u^ J-^-^- ' J-^- 5 *^ :>- 9 (*>* JtolaJu '-LA JjJu^J (8) 

,(*->.|}JU) -«4_!>jJI Lp-jJajja .v£L(_a» >IaJ 
(f-^-ljJU) . CjUsjJL>JI (j^ i_3jJVI CjLla ^j CjIcJ^Tll^I,! .j^*.' ~4jl.uj J-uoj _L9 (9) 

(^IjJLI) .^JjjMitl iJLstj jjjJ.1 <jjj o 1 ^' l?- 3 ! 5 ,^'^ 11 3JL>JI 0-a 5jUI j^^-a t^Miltl (10) 

(^.IjJLI) .^L^JI jIjlcT ^jjL ,>> (II) 

.(^IjJLt) .>UiiUI *>■ O^UI 6-- *> •OiAwiUI (12) 

jji Carbolic Cieiaj .u-t^-q-iJ ■»■ .pe '-tl ^jLq-iSLH (Cj-u^I jji I jui (jl ^j-^jJI j^J] j-iLpJ ^| v-^ C'^) 

.(^>-I^J,l) 7c_pt_ua.il ^Lq-6LH a-.-uVI j-a> Jj-LtiJIj ■ ■ 4-^>Xl I Jl^J (LjLLj^j) I^hI^j! ^rj'jJ' ^u-uVI 

.(j^ljJLl) .(jJ^Kil U^q) . --L^jL^ ^1 3*J (14) 

- (a-^IX!) . 5-^.jja 4jjj^ 4-L-te.tl J-«->o 5jl_a »l_yy,iSLH j^ Cation (J^jjISUI ( 15) 

.(^IjJLI) .L-iJJtll fjlj^a '. , :'^* 1 L?-^' '"'l^t^^tl 
.(^IjJLI) .^JuJ! ^I^U Sl^L^a 4_j£ OJJ^ (17) 

^P^LaJf J^aJI yi^t^A 

.(«j*.|^JL1) «d <G^SLa Jlj^I J^^jUxiJtj (I) 

<4_j_i_ci3_C Luolj_cl i L-i_mJfl (_J tJ^-aLL^a j_c^LLc Q^aJU j_j ^-^ fl Ul ,j-C. Ltfu-Li ,_p3j_a t_5>-i t_5 j-J' (2) 

^JJI ' _'j LtiJ J-Aj -i_JlSJI Jjj-i-Aj ajj-jJI 4-«-m-J Jjj i—al^iaVI (^ , .1 ,^f VI c-iLgTJIj (JiAJl^ 
(^2 t^LLft^Xlj j_«_iJI (^j-La-La lyt-LLtaJ _L9_a. 4_jj^l_t^i 4ii LtaJ ro^jl JlC j^ c_)^j_JaJ,l jjVl (jyic (JjJlajjcj 

.(aa.^111) .^jJt-uaJI *lj_iJI t^j-=^ 
.(^IjJLI) -SjjIjlJI CjLjjiaill (j_a CI.-l^-J 4-j-ajjJI iaA.Ull ^ I4JI ^oi:j-i_iJJJ, I 1 j a 1 at j I JlSLa (3) 

.(^IjJLI) --LJI j> ^l^^l=Lla(4) 

- (^-IjJ.1) - al^> '>i->JI CjLlIJI jjljjl fftgllj ^Ij-ill (_>^j<_J JSLJJI t^-l^-l j^ola (5) 
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-jluuUlg ObgjS.i.nJI 

. (*_3*l j_tl) , . . jJsl aj,l {-£ aJljcIhiJ . . Lu>at. 4jjj»SLaj 4lljelc CjuLlj m^s 4ja£La 4j>j (6) 

^ 43.LJ.I cjI jJJLi aJlcuJ,! ^TuCu (jl ^Lj *$$ j-^-^J' a >*^ ^j-a^Lt-oVI ^jjjJI <jl (jLuJI ^jjl L:r lL (7) 

'''"V" ,_Jj L*Jli (jl ^Jj fl * 1 , 1 ,j_a ^n-tia o j-uClI I (jLtiij'iil i-!ij_a (j_a ( _J_i*J 1 (jLS I jlj . ^J I JiHi. I 9 I '^^ 

. (a^-jjJ.1) ■ a j L i l. > - Li 

. (^-IjJ.1) 3_*1*I]I Luajf <_, i . nj (8) 

.(^IjJll) .^L^LLUI ^^ (9) 

.(^l^l). t £Uialil c p^(IO) 

. (lJlIJJLI) 4jj_>J,I 4i.ua jJI ojui ^ Hove i_3jji ^j-a berly Kelly ^j*^ Jj_>jj ojL-i.mil <jjJl^ Li I (II) 

ij^JJI ^^ l_ua_ii i_>ijj<-i j-tj-VI (jl^ (jl^ (jji^^jjjjjjjij *J9ljJI j^a 4J9}-L*JI jL-Jaj cdjj-ujJ^SLJ ( 12) 

3jl_a j j_ij 4jI j^J) ^^.j-^1 I (J*ul3i ij£ ciLmjaja^-J Gl «_^- j_j^ . ( j_uL_u U ajl^Li La SjJ^Lc 4l£ aj (j^i^ 
. (f-3-I^JU) <jilll I jut aIj3 4lal£ ^£. 4]jIuuJU j^ 4_iLLJt_a ^J^-" 

.(^IjJLI) .yJ^JLl l#UI 0-* <-^ S3^ (13) 
.(j^ljJLI) -a^^ 1 cr^l ^t (14) 

,j -^ ^'1 f 'j-J' lAA-t^ AjLij5- i _ > b J aL>JI i.imhII :4_j^>J! I ^"i n >>JJ J^aVl ^ 4jJUI 5 n K (15) 

.(j-^bJU) 

(*^>.lj_l,l) .^JlJI J uaJj ijr ^ <LuiiU,l 4jJJuJ *;lj_uai»- L jiijL t raJ- ,j_a ^lTlLi i__3L»- I fllg (16) 

. (^.IjJ,!) Cobalamin ij-t-a^? Ljj£ ^^ '->H fj-uo^l ( 17) 

.(f-^-i^jJU) -Mycelium 3j j ■ <a -> 'I j JjL-o ^1 Jl£ ~ t- ... (Jr Li 4j_aLlll j t-*tl <Jl£ ^^.l^j (18) 

. (fi^pJll) -4j^_Jaj»JI j-iC. ?-^LaVLs^ 5jUI 0J14J (jr-^- t^SJ-i-uJi 4il.Li.ua ,j-a -Ijj^I l5j^^ ?H^ ('9) 

JJLo 2 j t- 1 ; ,,-,11 jj^jjl t j_a JljJlC ^^3 ?-Lj*1i ^yilllua i^jIula (^ylil AJjJI CLiLtLa-tJI aJ~H> «D (20) 

.(^IjJLI) SLu^iil LuUtj l>%^J 

.(*_>- IjJU) . L ^uj-SJ\ ^Ua-J! - dtJ^SlI! Bj^J^ii^p- .Jirtlll (jl^aJI (ft-x^^ *IJj^I Ji-lj ^ ^1 (I) 

. (r<i^.jjJLI) 3_JLuu 4jj^SUI l^Ii-L-fc-tl 4jjIi SjLjJiJe-a _jl 3jj anion (j^-uVI (2) 

. (^IjJ.1) . 4l,t3*. ^ J-^'°j Jl^j 'a^j-II ^i^H 1 - > ai ^' 1-^* 7=-^^=' (3) 

j j ^ la ■ 4^^Lc 4J 4_jJl13j_!I 3jjia_t^V pj.ua j-a J-A^ ((^jJuJI ^j aLJ^)) •<_;,-<* el -^>^' 4a3-j1JI (4) 

jLc jjl^l^-l j^ ^y^itJI L^LJl^j Lai . ..cjLLiHuuJLI^ 4jJL>JI ^^LLLlI ^ 4cIjl3JJ r'jjVl ,j^»; 

,_ua_<i3. (_>ujJ^ « du^-uCJ I 4cLlua» Jj^a_5J,l (j^i tUai*.! I jui (jl ?e_ualjj -J_aVI ^ ^-Ij^ I JiLib (5) 

.(^IjJLI) .^Lujj^JI 

(jl L<ki>-(j LTi_L.g£Lj j JlI^JI L^_La t i±Jl!lJI aJL«JI JjJ (j_a j_Cl$ ^^3 ?-Ij*_L! JjLflJI ' AjjJI I Jui ajj (6) 

. (»_3^l )J»I) 4jjUaJ>j 4jjaaSL>- 4.uu.uuLa (7) 
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u i_oi M j| 

£dUI J^All g_*f$A 

i_<_j^_1jJI =L_>-^ Cr-- 1 (-C_j^ f "J La J-*^ «4JaLpJI -_«__ ^-<U aLl__JI £ya jJ_9 <_)_>» l_i__ i flijj.1 j_-"j ( I) 

.(^.ijJti) lijj ut«. 

.-LutlaVl ^.Jj LgT._L_o] l_al_cJ c__aj_>._9 i^jLLsj-uJI f-l$Jl _j g> * j j d_a}L__ ^^LaVl ^Jl^J <jl <jVI ____u (2) 

• Q^WD 

(j^oj-Sulphide Stinker a1__1 La-_9 l_g.LS-.-_3j- Sulphur Stinker 3_jj_A__>_iV_j l__JJ_U WjjI La 4_«_>.j_j (3) 

(j2 J 5 * fl i—i\ t ) >-9l I J-Aa-a ;_g Jl-lTij j-AJ I (J/___ll>> 11 i -_-Jl Ij-gJ -*■ j-»- ___.ll a_i_-21 (ja^Li (_)] I i_>-j «j 

II -___JU 1 l__ 'I <Ld£. 3 ' LaS-4^j>SJI 4_s__)ljJu j-kCu (_£J_J I i__ Cjjj-AJI ,j__j_j 0* L> 'Ai t ^£& ' - jL Pd>P 

. («__j.|_)_U) Sulphide Spoilage ((^Jl-Gj^-jSLII 

■ fj--JI 1J-A o-a . UlUt I ^J-s-j *J>^' 5JjL<ClII -.jLIjJ-sJI ^j_a JuJulJI ^j-a j-a-Jj-JI ^J-3- «— 2lJL1j (4) 

JJUjj -LL__J,I jLse_.il ^ (_--<-?e-| ^JJI ,j___jjVI JjLl-JI ^_3 i<^L_il! <jr_l.l» ^i-Latix ,j___o^U! Lai 

(*L_»-lj_l,l) "(j^-" _»J-UlVl (j-uUtill Jl_uJj_|_1 ^jJoSLlJ 5j__t_i_ (5) 

.(»_>.ljJLI) .(_)L»jyJI LiLl! J_3j t J_-_t_i__uj Jlj_j V «3_pjj___' __jLaLi__.» l_gj 4j3_Jl_>o] 3_LjJ-4 (6) 
3j_C.j zl g-X-U z J-£9 rftJ (j^a_5 ■ ao-i-i--J---Ji OQjj-p jj-a -_a__j\_4 4_t____ <--lC (_£a__?__) sx-uul *U,I (7) 

- (-__»- Ij-ll) (j^ajL___JI -_a -L.L-JJ 3j_a__3 

.(*-_»- IjJJ) .l-uLL-Oj-l JU-A-U (8) 

.(*-3.l>_U) .4£j_ii_>J| 5_*l_>L__a (9) 

.(^Ij-tl) -U-Jo ctt-p- MM « 1t '-^ j l.-^-.- VI (10) 
^Ut j-ri__A_1<>_«1*A 

.(*__». I jJ, I) . L^UaJjJ Jlj____Li (I) 

Jl_9 L^Jj-ti JuLc. _jJu- oLt-a (jl __)L___3I I J_gJ <_-JjV 3« jUtl jj_a hunter jUxA _>___u_Vl (_ya C-aJ-c (2) 

. 4-u-u->J I ->J___ (_p-a *!)_>-! 4_u__p jj-C (j VI J^L-ujIj . . -(J-J-3 {j-& ,j__>Lj___LI 4jl__i__ /____ /—J-vJl ^J^A-i- C J j_4 

. («__jJtl) 

.(j^ljil) .Jj__JI oSj (3) 
•(t^ 1 ^ 1 ) J^jj v'j-^ 1 lA(^ J^^ i>» t^ ( 4 ) 

La^ t «dJI -i^-^j J>^JI ^j^ftl 'j V I jui ijLs »1 »LlTI j j i a J Li^ oLi^JI 31 ni'i ^ jj^j^-iJI dul^ LjI ( I) 

J'' I flgjl I jut ,JiLa jjl ^Ir .(j^J^SUI J j. 11^ I (_^JIj <j-a 3 i j , U » 1 1 3jU,l 7-Lul (_j-u»J 4-ijljJI 5-1 jt"U (jl 
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ijluiJUIg ObgjS.i.nJI 

^tj 5j,,i<! J>U- ^ya dJaLLJI jJoj ^pJI (L^SLJI /ya pl^jf l^Kj) ^>>-Vl CjLuISLI! Laf-4jjJlll 
t 4jjL^ijSLJI 4j JJLjJI <JjlIi (jr A-ujI<3 -5jj,^*tl L^jjLa £-LJV 4^UaJI <3jui> J-q-Cn-uJ aj '^^J <^«tl ^_i£ jljj.1 
Cj^LcLaj^ dJaLLaJI /tLjJV 4-p-LJ ^j-a ojum^l jJilLaj ^^j TT^'j-J CjLuLSUI <3ju4> (jl I flJjJ.1 JJ^ lLUJJ 
t J^VI JilLalll (_yC d_j*oLlll 5al Utl alaitlu-oLi 5^j ,^t- 3_il_a ^yj] (j^j^iLII Jl-ul^I (_t^^ *iJ a (J^*-^ 
iJiLaj L^J5L!j ■dij.^i* ^_i£. 3_lLa 3_Ll^I ,j_a doil Utl j^ic J i a --"' Cj1_uI£ ^1 till j Jl*j J-j-uU 4-J| *u 
, («_>.ljJ,l) (j aJvSJI Jlj-i-uSI /j-ilj (j-« 2 _L) "J Laj i ■■ j 5 i j , U c jlj_a <j_a oJlSjlI,! 4ja_Jaj»J! L^JjLa 
4^UaJI <3ju4> (J-«jLLcuJ^ 5 . j , ^ ^- j_lc. SjLa 3_Lcu£f ,j_a 5al Ull ^lj_u <_yj-ll CjLuLSLII I flJ^XI 1 '-^* ■ (3) 
, ( ja_ij_Sj| , i j , ,.vl /__Jl_i ^j-a jj-u-tJ^ 4_La_j_oj_i 2 > j ,^-.i- jla_a <j.a SjLflJtXI 4_ja_Jaj«JI -i'J-t' Jy-iLtJ ^3 

4jjj_JaJ| djjJlJI 4jjIJ CjLuISUI . U^a « JjjJLiajJ I ^jjiilll 3_jjl JlJ» , I -^*; i_iJJJ,l 0' 7=-^='jJI O" 3 (^) 
^3 4jo_JiiL BjLa ^yjj 1 iJajf <ji^jj5L1I Jl-ll^I <_yj^ Jj-=*^ i_^' «4jjL»jS11I sLjjJilJI 3_jj1j» CjLjISLJI La\ 

m ■■* * ' 1 jj'** 3 .' ***' (l ^.l**.!^ ' ^ - L -*^ ' 4jj - 1 " d ^ ""* ' o-^ (*^J^ ^-y * jL=i ' lt^ 3 ** L=tjj (j I liLtiuaj 

porphyrin <jV teL-Lu^-UI^ 4_uL^_JI CjLilll lj-i-uj-i 0^-^' JW"^-" " ( j^-6Li. 1 -u^i£L] I » _i lJlJJJLI l ■ a 5j (5) 

. (^-IjJLI) .« Lj3_a_^» (_3-<-*J_5 Porphyr ^LJ^iJI J^^VI ^j-a <2lA^ 

.(^IjJLI) .^l^J! jIjui! caj (6) 

= ^jl (jjric- pLftJjtll j«_*j>.I j| t<-yai.»JI <Uj>. (jl ,j_a eL*_4J*_t^ C^m-J Lui «^jJ-lJI3B <4_«J^ (7) 
gjL-i^^S La Lai -<Lj-^- (J-jIj^. ,j_a d ij .>.« tl 3ji_l,l ^^ic ^^t-^j j^J-II tla ^' a jj-A 4jJljj1LiJI Cj Ug^SLiX I - 

.5_Hj_a 5jj ,>.f 3_iLu ^Jl-ClJ |_gt Saprophyric - « ^^ajIa » jt «^Aj» CjLu15L3I <sjui (jl ^^ t< ftijXI 

, («_^-l >i.') L^Ti^-JI ^j-q-ua Cj La j ^LljS-iJ, I i ajXi^J jt^- (^^J' ij ^J- J-l j-i >^i-i-l I Jj-^Jl (8) 

.(^IjJLI) .aLd-j-LlSLu^jjjt^k^.)) jLua^l (9) 

^j/U 4-LuaLiJl J^_L>JI /yLC ?-Sj (_}-! . *L^>- 21 ^j-q-ua ^j^a u q lg j_p.»J CjL_uJ>jjiJI [43* 2ij (—& Z ( 10) 
<4_jL*_j2 tdjjljjjl p ] c m ■■ i "j " j_pJLJj t Lpla aJu-u aSLi-tluJ (_3 (Uj-UtJ L^j_La^ L_Alj JjL^a (jlS (II) 

.(a^PXI) -CjLiI! ^Lc ^a 4jIj^>JI ^ SjljI^J! 
Jl^j ^ High Frequency of recombinahon ^.jJ-Jl^oVI d_j_q_ til lll ^j_a ^yJjVI ^jJ>-VI lsr Jti HFR(12) 

ojLcl ,j-a d_jLdj *_a d_u-uJ» 4jj vjlJ! 4-Oau-"aJ I ,j_a /j-Ij 2 I i_3>j». VI /^-A^ ( ! A (j /J! ,j-oL2JL LkLLq^- >J 

.(^\jX\) .oUJVI 

LiJUA LoJl t Ly JU-i^JI (^^Ll Ub.iQA.Jj ualLflj V U^-uSuJI (^j 4jjIjjJI JjiIjjlII (jf Jlaj ^ I fliSu^l (13) 
>£j>J,L 2) (_g»_l 2 L^jI iJ^>- 4_)LiiI d_Li3J Liajl j Jr ,j_a (jaSjj d_jjlja Cjlju^-a AJ^LaHj-tJiI! j_^ 

Lj-pSLJI ^^a «3jj^jJI» {_>£- (JjxutXI ^IjjJI JjaLJIj . Plasmids CjI jL_j_aj}LJI ^j-q-^uj^ . ^yJ^jTiSU V I 

• j "•* 11 ' jLj^aj^LJI l_LA ^3 '^*" ' 0' ^W ::: *'' l — J- 1 ^^*- 1 O^J_5 - 1 — )l JiJ-<ij^LJI aSJti JljvI (J^. ^Lal Jjjirt-a 
rjlj-lJI *LLJI (5 1 i aj mi 1,1) dJlJJll SLjliJI ^j JL31JVI j^k: 5jJl5JI d_luo d_ik: ^_iit_^ ^i^JI ^ 

1 If LaLjj L-flJuitJ jjSjVI CjLjLSLI! j^fl FTj'j-^' ij^L-uLS -OJlC £>^>-J ,j-a JJoL ^yuaJteTJI Ijui (14) 
,_lc (rJ-J-* 1 (j^-fl-itjJI (jl aj . L^L>- I Jijj_a L_uo^ ^Ljs.'il cdJLa_a fj& (JJ-^- 5 t?-^ L j-uiS- J I i-£ CjJl*_! 
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oil— oljfrll 

lJlJJJLI >jIi L<£a ' *" jJJ ' 4jj>-Ll3I ,j_a-<— j L_o a>jjiJ I (jl /yLC ;jj 5 aj * pLaJjul (jl aj9laJI^ ■ ^C, jJj&a 
{jt Il1\ I j 1 Sl^g ^jJI /tLj^o L^j| jl ( I Jlj- LjjJl^- VI j-^IaJ ftJ-'— i L£J1 I jui ,j_a j^»-T «_^3j_a jjjS eLj-ujiJ 
(^^.a '"'I mjj xiUI (j-fl Jj-j-mf »Llj>.VI ( _ ? _3 ijr .<-u-ls»S\ j_jI£jJI (jl (jiajl >— Jlc.1 j . j^IaJI ^^3 I j'^j ... 

Ju9 (jSL) aJ (jl a t<4_4jlj aJI 4_i_uJlJ^JL) i__3j_*j tc-i-l^I La J^Li- ,j_a tjjVI Ll3i^ <j-\_«JfcjJ I I _LA r_Lcal ( 15) 

. («j*.1^JL1) .(jLuuVI ^yiil Jlaj (3^° 

. f^ljJLI) .cjLj^SLiXI aJLA Jiu (jijju e^p- (16) 

>* 4dUf 4*Uf ^i$A 

.(^ijJLI) .liUuJI CitldJ jj S.^U S^Uo (I) 
(j^jJaJi j^jJa j_uaji (j-a Ij-^-^jJ*. J^La (^,-Li (jl sJaljJIj .3^_u5 4_iJL_a ^j_a ^iitJ V SjJLm.ll tfj^ (2) 

ljjl£ lijj Lij^l JU-ti^l l^^ol^j^^alaLiJI a5L>JI (jjs ^.Qe-JLTu iii!i(jlSj . ^j^LJ.1 ^ tj;jL>J! 
(_J! JjJomi * 5 - )l -^ I«jL»*1 f*-^-il (JU <**X I (V* M "j'^ ' a ** il (JLa^.1 j^« ' I a-iSj j I _L9 a^j^Ijlj aSL*_j 

^^ji-VI ^j-ii Jj-=*jJ aJ I liLai^ j_t-^a^ aLUI^ (j-°jl^ J ^W Vj-*^' ^ 0' ij^*-" "^J ' *' J >^" *'> 5e - t - i = 
1 S i_<_Jj-ie_lJI^ ^j-j-^JlIJI (j-uJLal £jjs 3_1j_Lj>JI SjLiajJI j i^£ >Li- Jjfcj 1 S ^jl_*_uo (jjJI ullj^ 

.(^>ai) 

.(j^.ljj.1) .ijtSJI Ijl4 jUc! j^jt ,>» (3) 

j—t-tTu-ia . (jj al_i_ujJlj i__3^L_iJ,la ^ (J-*-* fj ' " * ' ' ' J ' •"' LyJ' !'~ = ^J^ d ~ l^jlII (_p3i j-aVl (4) 

,j_C ' flJU-Je-J /j-A^ *< i-J-i-LaJl Oja-tTu-a j_l-»_1 <=\_Jlc t Jl*jJI (%£. j-*J»J Jii! <jSJj d J "^ i_>^ a d>-'' 

. (a^- vji,') . tiJJj ^J^*- ij-a (JjjLJI u*JjJlJ Loj) a <4_uoj-a_i ,_jiajjJLl L^J-3 ,j-aJt_) z z^jJ' 4jJl5jlJI ,_p3lj_a VI 
I Jl£J r«U^jl (_7^ lJ"^' H CT^^'J^ ( "^yl$ i -^- 1l t!-'- u (j^J (J -4 " (jy^ LtTuJ J (<i^J J i_S^ » :^-Ut_c^VI I jui Jj-Sj (5) 
. (a^-jjJLI) .«f&jua fti^J^J l^o-ij-tliJ^ /(^jjJlC. IjJ^LjJ jjjjJI (_,i£. (j^_«-uJL>JI JLs-^JI ^1 (j-ujJl .aM^-I' 

(jj>-IjJ,I) .mSj-^JLIw _i fc-^pj 3jLc (6) 
.(^*.ljJ,l) -a^jJI &*■ t)j-I-i l5' ^t^ 1 (*-^J <^ n>-4itJ -!>*-« Ij^-A (7) 

L«£-4jjj_iJI LajLLLi CjLljJI 4jJjjJ cdJ^Lj (j_u£La Jl^jla ^^ j_ujj,l ^^alLtuja ^^ic (jVI cdJIi 3^"^"' (8) 

>Lj_i_u uiJLLik jl 

Q»_*.1>XI) JlJ^LjJLi LujJ3 J-*JJ i-^J-i-u CjLmljjJI tSjui (Jj-4 jjjfl 

-CjLJI^j^JI (_>ia-«J ^g^TL^u-a ^\r--*\<~ J I oj'^-l t^ajlg -4j^IjJI CjLjLljJI ^jIxjia ^yic (j^' ^J-JIi 3^"-"' (9) 

• Q^WD 

^,.2 obt-jj-jij dJLLA^ ■5-j jJ _ t i_JI jjLwij 3^1 '-4 Jj-^>JI *Jl* ^ SlLajlII cjl_>-L?tl3l Jlju ( 10) 

-(jLtiiJi I /Jlc 4j3Ij aJl 4_i_o_lL^JLj <4_c^LiJl CjL_oIjJJI Jjj j Laj a I (ilj^>.) apo f^^fJ' f«JL»JI J a J p ^* " 
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: Jt3 "•"* cr^ i-il^ll 



■"^U>>- 



1jHj_>ijLj fj n\ I 






aLSj t 3 rij^jJI «:Lo~^/l *Luij£ *sj «LuijSL!I \JJ a ' "^ 1 3-«_aL>. (^ <_>ujJ * 



. I 93 I aLc j"<« JLlIIjjs ,j-a * 

. 1955 *lc 3j_aLUI .3j<-aL>. 4^lj^Jlj - .Utl ^ (j^jjjjJLSLi * 

. 1969 aLc J^jjrijl (j-o 3_a|_«JI 2 — LaJlj SjL>JI (jJoLill t_Ja ^yS A^lj-S * 

. 1972 *lc LSLlscIi (>a 3-oUJ! 2-».^tl ^ j fim-vLa * 

3jljj_i Li-j_i Ls J 1 ■* * 
(J-oOj^£L!I ^jji 3_aL«JI 4ac caJI 

.I98I-I962 

td j iXljjJI 4_jjjIJ1j <b^ i ii ill 

. 1958 o^J 
. 1964 jjOJ 3j_aL>. 




lJluIj 
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. 1970 jijLajLt 5j_oL>. (jjs 3-oUJI 5->,^tl ^jmn^Li * 
. 1970 oujSLII 3jlaL>- 3Jl£^JLi t_Ja]l 2uK jua£.j j^L^a jlXu.! * 

. 1975 -1971 a_aUJI ibtmJI jj)j * 

. I 980 Ojj£J1 3ji_oU. j-J J-a * 
j tJa£ 3-Aj iCjlj-cjJJLl jj-a JJlC ^—3 ijJjLfoj dj glf l < i^Lua Sjx. /Jj mi * 

. 1938 aLc («Lujjl!I j-i^a-o 2jjj j 1^) 4jSj_JoJI 4lii3L»-o JLlIIjjs (j-o * 

. I 958 AL£. jii^ hi tl^-^ d-*-*L>- A^LtJl 4_JS (j_a A^JjtJl /^ jjjj^Jj^J LS_] * 

. I 96 I (j u <a mi (j^-^- d-*-«L>- (j-* (*3-*-*-^' c?"^ ^j"i ' n^La * 

. 1 964 aLc 3_ujJlII LuULi j~ i ujj^a <L«-oL>. ,j-o ,a>L«-JI (_yfl oIjjU^j * 

(-JI I 958 ALC JLl*_« jj-a (j u <a mi (j^-^- d-*-«L^tJ (j-uJjjCJl lJuLLsj ^—3 /TjJLJ * 

. I976 aLc jliu/l 

Oj^SjI 4_*»aL>. a^LlJI 4_uS_j (^^^^jjm^SLJJj ^- ) '-'-^' -n 1 ti2 i 1!iLu_ul (J-4-«-i * 

O^l (j^>- 1983 aLc JLLa 

.aUJI (jJiiJ (^3 3_j^J^_lJ| A>L«-!I (^3 (j ir-10) 4jjjJI 3JjL>-J . 1980 aLc 
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